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General remarks

Unless otherwise indicated, all glassware was oven dried by a heat gun before use and all reactions
were performed under an atmosphere of argon. THF was distilled from sodium (Na) under argon
(Ar) atmosphere. 1,4-dioxane was super-dry purchased from Aldrich. All other solvents were
purchased from Adamas and used as received. Isatoic anhydride and other materials obtained from
commercial suppliers were used without further purification. Melting points were determined on a
digital melting point apparatus and temperatures were uncorrected. All NMR spectra were recorded
on an AM-300 or AM-400 spectrophotometers in CDCl;, NMR chemical shifts are reported in ppm
referenced to the solvent peaks of CDCIl; (7.26 ppm for 'H and 77.0 ppm for '3C, respectively).
Infrared spectra were recorded on a Perkin-Elmer PE-983 spectrometer with absorption in cm!.
Flash column chromatography was performed using 300-400 mesh silica gel. For thin-layer
chromatography (TLC), silica gel plates (Huanghai GF254) were used. Mass spectra were recorded
by ESI, and HRMS were measured on a HP-5989 instrument.
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General procedure for the synthesis of ACPs
Compounds M were prepared according to previously reported work! and the corresponding
spectroscopic data are consistent with those in reported literature. 2-aminobenzophenones S were

prepared from isatoic anhydride according to the related literature.?

O NH,
R0 A | A BrCH,CH,CH,PhsP*Br (1.3 eq)
A 2¢, NaH (2.6 eq), THF, reflux, 18 h
R
s

A solution of 3-bromopropyltriphenylphosphonium bromide (5.96 g, 13 mmol) and NaH (624 mg,
26 mmol) in THF (15 mL) was stirred at 70 °C under N, for 12 h. Afterwards compound S (10
mmol) in THF (10 mL) was added and the reaction solution was stirred at 70 °C for another 12 h.
Upon completion, the reaction was cooled to room temperature and the mixture was filtered through
a celite. The filtrate was concentrated under reduced pressure and the residue was purified by silica
gel flash chromatography (eluent: petroleum ether / ethyl acetate = 60 / 1 to 40 / 1) to afford the

products M in moderate yields.
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General procedure for the synthesis of substrates 1

pyridine
T .
CHCly, rt

K,CO3

3
* RCI R* acetone, reflux R1

R" = H, Me, alkyl. aryl R3=Ts, Ms, Bs R*=H, Me, Ph
M (2.0 mmol, 1.0 equiv) was dissolved in dry CH,Cl, (4.0 mL), then pyridine (2.4 mmol, 1.5 equiv)
and sulfonyl chloride R3Cl (3.0 mmol, 1.2 equiv) were added respectively and the resulting reaction
mixture was stirred at room temperature for 12 h. The reaction mixture was quenched by CuSO,
solution and extracted with CH,Cl, for 3 times. The combined organic layer was washed with brine
and dried over anhydrous Na,SO,. After filtration, the filtrate was concentrated under reduced
pressure and the residue was not purified for the next step directly. The crude product was dissolved
in acetone (4.0 mL), then K,CO;5 (4.0 mmol, 2.0 equiv) and 2-methylallylbromide (2.4 mmol, 1.2
equiv) were added respectively and the resulting reaction mixture was stirred under reflux overnight.
Upon completion, the reaction mixture was cooled to room temperature and the mixture was filtered
through a celite. The filtrate was concentrated under reduced pressure and the residue was purified
by silica gel flash chromatography (eluent: petroleum ether / ethyl acetate = 10 / 1) to afford the

products 1 in good yields.

The synthesis of substrate 1e:

NH, H'\j/
SSRGS R GRIE -y
THF, -78°C THF, -78°C
86%
M1a

83%

To a 150 mL flask charged with M1a (2.0 mmol, 1.0 equiv) and THF (20 mL) was added "BuLi
(2.5 M in hexanes, 2.0 mmol, 1.0 equiv) dropwise at -78 °C under Ar atmosphere. The resulting
solution was allowed to stir at the same temperature for 30 min. The 2-methylallylbromide (2.4
mmol, 1.2 equiv) was introduced in one portion at -78 °C and the reaction mixture was allowed to
stir for 16 h at room temperature. Upon completion, water was added to the solution to quench the
reaction. After remove the most of THF solvent under reduced pressure, the mixture was extracted

with EtOAc (3 x 10 mL). The combined organic layer was dried over Na,SO, and concentrated.

sS4



The residue was purified by silica gel flash chromatography (eluent: petroleum ether) to afford
ortho-allylaminoaryl ACP in 86% yield.

The obtained ortho-allylaminoaryl alkylidenecyclopropane (1.0 mmol, 1.0 equiv) was dissolved in
THF (5.0 mL) at -78 °C under Ar atmosphere and "BuLi (2.5 M in hexanes, 1.0 mmol, 1.0 equiv)
was added dropwise. The solution was allowed to stir at the same temperature for 30 min.
Iodomethane (1.2 mmol, 1.2 equiv) was introduced in one portion at -78 °C and the reaction
mixture was allowed to stir for 16 h at room temperature. Upon completion, water was added to the
solution to quench the reaction. After remove the most of THF solvent under reduced pressure, the
mixture was extracted with EtOAc (3 x 10 mL). The combined organic layer was dried over
Na,SO, and concentrated. The residue was purified by silica gel flash chromatography (eluent:

petroleum ether) to afford 1e in 83% yield.

The synthesis of substrate 1f:

NH, o HN J\©
O _ BN

+ + Mel4’

TCHCl THF, rt
Mi1a 92% 84%

A solution of compound M1a (2.0 mmol, 1.0 equiv) in CH,Cl, (5.0 mL) was stirred at 0 °C under
N,. Then EN (3.0 mmol, 1.5 equiv) and benzoyl chloride (2.4 mmol, 1.2 equiv) were added
dropwise respectively and the resulting mixture was warmed to room temperature and stirred
overnight. Upon completion, the mixture was evaporated to remove the solvent. The residue
dissolved in THF (4.0 mL) was added to NaH (3.0 mmol, 1.5 equiv) in THF (5.0 mL) at 0 °C
dropwise and the reaction mixture was stirred for 30 min. Afterwards 2-methylallylbromide (3.0
mmol, 1.5 equiv) was added in one portion and the reaction mixture was stirred overnight at room
temperature. The reaction was quenched by water and extracted with DCM for 3 times. The
combined organic layer was washed with brine and dried over anhydrous Na,SO,4. The solvent was
removed under vacuum and the residue was purified by flash column chromatography on silica gel

(eluent: petroleum ether / ethyl acetate = 10/1) to afford the product 1f.

The synthesis of substrate 1z:
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O OH o 0 [ 9
. Br\)J\ K,COj3 (2.0 eq) BrCH,CH,CH,PhsP*Br (1.3 eq) O O
—_—
O O one acetone;/reflux ome NaH (2.6 eq), TI;!F, reflux, 18 h OMe
12eq 90% 73% w

To a solution of oxybenzone (2.0 mmol, 1.0 equiv) in acetone (5.0 mL) was added K,COj; (4.0
mmol, 2.0 equiv) and allyl bromide (2.4 mmol, 1.2 equiv), the resulting mixture was stirred under
reflux for 2 h. Upon completion, the reaction was cooled to room temperature and the mixture was
filtered through a celite. The filtrate was concentrated under reduced pressure and the residue was
purified by silica gel flash chromatography (eluent: petroleum ether / ethyl acetate = 10 / 1) to
afford the allylic oxybenzone in 90% yield. A solution of obtained allylic oxybenzone, 3-
bromopropyltriphenylphosphonium bromide (2.6 mmol, 1.3 equiv) and NaH (5.2 mmol, 2.6 equiv)
in THF (15 mL) was stirred at 70 °C under N, for 12 h. Upon completion, the reaction was cooled
to room temperature and the mixture was filtered through a celite. The filtrate was concentrated
under reduced pressure and the residue was purified by silica gel flash chromatography (eluent:

petroleum ether / ethyl acetate =40 / 1) to afford 1z in 73% yield.
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Spectroscopic data for substrates 1

T

| TsN

Compound 1a: 755 mg, 88%, A white solid, m.p. 125-127 °C; IR (CH,Cl,): v 3055, 2974, 2920,
1597, 1494, 1445, 1341, 1159, 1092, 906, 859, 816, 767, 695 cm™!; '"H NMR (400 MHz, CDCl;,
TMS): 6 1.17-1.21 (m, SH), 1.50 (t, 2H, J = 7.6 Hz), 2.39 (s, 3H), 3.64 (s, 2H), 4.40 (s, 1H), 4.54 (s,
1H), 7.17 (d, 2H, J = 8.0 Hz), 7.21-7.32 (m, 6H), 7.34-7.40 (m, 3H), 7.45 (d, 2H, J = 8.0 Hz); '*C
NMR (100 MHz, CDCl3;, TMS): & 2.3, 5.2, 19.9, 21.4, 57.1, 115.8, 126.8, 126.9, 127.2, 127.7,
127.8, 128.07, 128.13, 129.1, 130.1, 132.6, 137.5, 138.5, 140.2, 140.4, 141.7, 143.0; MS (ESI) m/z:
447.2 (M+NH4*, 100); HRMS (ESI) Calcd. for Cy;H3N,0,S" requires: 447.2101, Found: 447.2103.

hhhhhh
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bE=a- =

4.538
4.398
3.640
2.388
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Compound 1b: 838 mg, 85%, A white solid, m.p. 128-130 °C; IR (CH,Cl,): v 3059, 3029, 2973,
1574, 1472, 1448, 1389, 1355, 1162, 1089, 1069, 1009, 822, 746, 695 cm'; 'H NMR (400 MHz,
CDCl;, TMS): 6 1.17 (t, 2H, J = 7.6 Hz), 1.23 (s, 3H), 1.50 (t, 2H, J = 7.6 Hz), 3.65 (s, 2H), 4.45 (s,
1H), 4.58 (s, 1H), 7.22-7.26 (m, 2H), 7.29-7.34 (m, 4H), 7.36-7.41 (m, 5H), 7.49 (d, 2H, J = 8.4
Hz); 13C NMR (100 MHz, CDCl;, TMS): § 2.3, 5.3, 20.0, 57.4, 116.3, 126.8, 126.9, 127.2, 127.3,
127.7, 127.9, 128.1, 128.4, 129.6, 130.1, 131.7, 132.8, 138.1, 139.5, 139.7, 140.3, 141.5; MS (ESI)
m/z: 511.1 (M+NH4*, 100); HRMS (ESI) Calcd. for CyH,3BrN,O,S™ requires: 511.1049, Found:
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Compound 1c¢: 558 mg, 79%, A white solid, m.p. 89-91 °C; IR (CH,Cl,): v 3029, 2974, 2929, 1714,
1598, 1486, 1446, 1331, 1148, 1079, 961, 906, 865, 766, 753, 697 cm'; 'H NMR (400 MHz,
CDCl;, TMS): 6 1.22 (t, 2H, J= 7.6 Hz), 1.57 (t, 2H, J= 7.6 Hz), 1.64 (s, 3H), 2.29 (s, 3H), 3.80 (s,
2H), 4.64 (s, 1H), 4.76 (s, 1H), 7.20-7.24 (m, 1H), 7.29-7.32 (m, 3H), 7.35-7.40 (m, 5H); '3C NMR
(100 MHz, CDCl;3, TMS): 6 2.1, 5.2, 20.3, 40.1, 56.5, 116.1, 126.5, 126.8, 127.1, 127.95, 128.00,
128.3, 128.6, 131.6, 132.4, 137.9, 140.0, 140.2, 140.4; MS (ESI) m/z: 371.2 (M+NH,*, 100);
HRMS (ESI) Calcd. for C,;Hy7N,0,S* requires: 371.1788, Found: 371.1788.

mmmmmmmmmmmmmmm
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Compound 1d: 764 mg, 83%, A white solid, m.p. 117-119 °C; IR (CH,Cl,): v 3045, 2981, 2915,
1530, 1444, 1349, 1307, 1164, 1091, 853, 750, 743, 697 cm™!; 'H NMR (400 MHz, CDCl;, TMS): 6
1.19 (t, 2H, J = 8.0 Hz), 1.24 (s, 3H), 1.51 (t, 2H, J = 8.0 Hz), 3.71 (s, 2H), 4.50 (s, 1H), 4.63 (s,
1H), 7.23-7.28 (m, 8H), 7.43 (t, 1H, J= 7.6 Hz), 7.69 (d, 2H, J = 8.8 Hz), 8.18 (d, 2H, J = 8.8 Hz);
3C NMR (100 MHz, CDCl;, TMS): 8 2.3, 5.3, 20.1, 57.7, 116.9, 123.7, 126.8, 127.0, 127.4, 127.6,
128.0, 128.2, 128.7, 129.2, 130.2, 132.9, 137.7, 139.3, 140.1, 141.4, 146.3, 149.6; MS (ESI) m/z:
478.2 (M+NH4+, 100); HRMS (ESI) Calcd. for C,sHsN504S* requires: 478.1796, Found: 478.1795.
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Compound 1e: 410 mg, 71%, A colorless oil; IR (CH,Cl,): v 3054, 2970, 2791, 1593, 1488, 1445,
1353, 1227, 1177, 1105, 1046, 932, 898, 747, 763, 693 cm!; 'TH NMR (400 MHz, CDCl;, TMS): 6
1.13-1.16 (m, 2H), 1.20 (s, 3H), 1.53-1.57 (m, 2H), 2.43 (s, 3H), 3.32 (s, 2H), 4.65 (brs, 2H), 7.00 (t,
1H, J=7.6 Hz), 7.04 (d, 1H, J= 8.0 Hz), 7.14 (d, 1H, J= 7.6 Hz), 7.18-7.29 (m, 4H), 7.42 (d, 2H, J
= 7.6 Hz); 13C NMR (100 MHz, CDCl;, TMS): 6 1.5, 5.5, 19.7, 39.4, 62.2, 112.2, 118.8, 121.4,
123.6, 126.4, 127.8, 127.9, 130.1, 132.1, 134.5, 140.3, 143.2, 152.1; MS (ESI) m/z: 290.2 (M+H",
100); HRMS (ESI) Calcd. for C,;Hp4N™ requires: 290.1905, Found: 290.1903.
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Compound 1f: 584 mg, 77%, A white solid, m.p. 168-170 °C; IR (CH,Cl,): v 3056, 3023, 2973,
1647, 1597, 1486, 1447, 1376, 1313, 1297, 1179, 902, 766, 752, 734, 696 cm™'; 'TH NMR (400 MHz,
CDCl;, TMS): 6 -0.24--0.17 (m, 1H), 0.79-0.85 (m, 1H), 1.18-1.22 (m, 2H), 1.69 (s, 3H), 3.02 (d,
1H, J=16 Hz), 4.17 (d, 1H, J= 16 Hz), 4.86 (s, 1H), 4.89 (s, 1H), 7.05 (t, 2H, J= 7.6 Hz), 7.15 (t,
2H, J = 7.6 Hz), 7.19-7.24 (m, 4H), 7.26-7.33 (m, 5H), 7.49 (d, 1H, J = 7.6 Hz); 3C NMR (100
MHz, CDCl;, TMS): 6 1.4, 4.2, 20.3, 55.4, 110.7, 126.5, 126.8, 126.9, 127.2, 127.82, 127.84, 128.0,
128.3, 128.4, 129.4, 131.7, 136.7, 138.8, 140.3, 141.6, 142.6, 168.2; MS (ESI) m/z: 380.2 (M+H",
100); HRMS (ESI) Calcd. for C,;HysNO™ requires: 380.2009, Found: 380.2010.
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Compound 1g: 745 mg, 84%, A white solid, m.p. 130-132 °C; IR (CH,CL,): v 2972, 2922, 2862,

1597, 1510, 1485, 1443, 1340, 1157, 1092, 907, 859, 815, 737, 698 cm™'; 'H NMR (400 MHz,

CDCls, TMS): & 1.16 (t, 2H, J = 7.6 Hz), 1.21 (s, 3H), 1.47 (t, 2H, J = 7.6 Hz), 2.34 (s, 3H), 2.40 (s,

3H), 3.66 (s, 2H), 4.41 (s, 1H), 4.55 (s, 1H), 7.11 (d, 2H, J = 8.0 Hz), 7.17 (d, 2H, J = 8.0 Hz), 7.26-

7.31 (m, 4H), 7.32-7.39 (m, 2H), 7.45 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): &

2.2,5.2,20.0,21.1,21.5,57.1, 115.8, 126.1, 126.9, 127.2, 127.7, 128.1, 128.2, 128.8, 129.1, 130.2,

132.7, 136.5, 137.6, 137.7, 138.5, 140.3, 141.7, 143.0; MS (ESI) m/z: 444.2 (M+H*, 100); HRMS

(ESI) Calcd. for CogH30NO,S* requires: 444.1992, Found: 444.1992.
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Compound 1h: 728 mg, 75%, A white solid, m.p. 140-142 °C; IR (CH,CL,): v 2966, 2898, 2862,
1442, 1354, 1166, 1093, 1046, 1021, 885, 821, 767, 721, 685 cm™'; 'H NMR (400 MHz, CDCl;,
TMS): 6 1.14 (s, 3H), 1.17 (t, 2H, J = 7.6 Hz), 1.31 (s, 9H), 1.49 (t, 2H, J = 7.6 Hz), 2.40 (s, 3H),
3.63 (s, 2H), 4.41 (s, 1H), 4.52 (s, 1H), 7.16 (d, 2H, J = 8.0 Hz), 7.26-7.30 (m, 2H), 7.31-7.37 (m,
6H), 7.43 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl3, TMS): 6 2.2, 5.3, 19.8, 21.5, 31.3, 34.5,
57.3, 115.6, 125.0, 126.2, 126.6, 127.4, 127.7, 128.1, 128.3, 129.1, 130.0, 132.6, 137.5, 137.6,
138.7, 140.3, 141.9, 143.0, 149.8; MS (ESI) m/z: 503.3 (M+NH,4", 100); HRMS (ESI) Calcd. for
C31H39N,0,S" requires: 503.2727, Found: 503.2728.
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MeO I I

Compound 1i: 808 mg, 88%, A white solid, m.p. 120-122 °C; IR (CH,Cl,): v 2972, 2829, 2837,
1606, 1509, 1485, 1443, 1342, 1302, 1249, 1176, 1159, 1093, 1032, 908, 830, 790, 658 cm’!; 'H
NMR (400 MHz, CDCl;, TMS): 6 1.16 (t, 2H, J = 7.6 Hz), 1.21 (s, 3H), 1.47 (t, 2H, J = 7.6 Hz),
2.40 (s, 3H), 3.67 (s, 2H), 3.80 (s, 3H), 4.42 (s, 1H), 4.55 (s, 1H), 6.85 (dd, 2H, J, = 6.8 Hz, J, =2.0
Hz), 7.18 (d, 2H, J = 8.0 Hz), 7.26-7.39 (m, 6H), 7.47 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz,
CDCl;, TMS): & 2.2, 5.1, 20.0, 21.5, 55.3, 57.1, 113.5, 115.8, 124.9, 127.2, 127.7, 128.1, 128.2,
129.1, 130.2, 132.6, 133.3, 137.7, 138.5, 140.2, 141.8, 143.0, 158.6; MS (ESI) m/z: 460.2 (M+H",
100); HRMS (ESI) Calcd. for C,gH30NO3S™ requires: 460.1941, Found: 460.1932.
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Compound 1j: 608 mg, 68%, A white solid, m.p. 115-117 °C; IR (CH,Cl,): v 3067, 2974, 2920,
1597, 1506, 1443, 1342, 1222, 1157, 1092, 1019, 833, 815, 657 cm-'; 'H NMR (400 MHz, CDCl,,
TMS): 6 1.19 (s, 3H), 1.21 (t, 2H, J = 7.6 Hz), 1.49 (t, 2H, J = 7.6 Hz), 2.40 (s, 3H), 3.67 (s, 2H),
4.40 (s, 1H), 4.55 (s, 1H), 6.98 (t, 2H, J = 8.8 Hz), 7.18-7.23 (m, 3H), 7.28-7.39 (m, SH), 7.48 (d,
2H, J = 8.0 Hz); 13C NMR (100 MHz, CDCl3;, TMS): 6 2.4, 5.2, 19.9, 21.5, 57.2, 114.8 (d, Jcf =
20.8 Hz), 115.8, 126.86 (d, Jc.r = 1.5 Hz), 126.88, 127.9, 128.1, 128.2, 128.4 (d, Jcr = 8.1 Hz),
129.1, 129.9, 132.5, 136.6 (d, Jcr = 3.0 Hz), 137.4, 138.6, 140.1, 141.5, 143.2, 161.9 (d, Jcf =
244.7 Hz); F NMR (376 MHz, CDCls, CECLy): & -115.5 (s); MS (ESI) m/z: 448.2 (M+H*, 100);
HRMS (ESI) Calcd. for C,;H7FNO,S™ requires: 448.1741, Found: 448.1742.
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Compound 1k: 629 mg, 68%, A white solid, m.p. 128-130 °C; IR (CH,CL): v 3067, 2973, 2924,
2854, 1597, 1490, 1444, 1344, 1159, 1091, 1012, 907, 816, 756, 655 cm’'; '"H NMR (400 MHz,
CDCls, TMS): & 1.19 (s, 3H), 1.22 (t, 2H, J = 7.6 Hz), 1.50 (t, 2H, J = 7.6 Hz), 2.41 (s, 3H), 3.67 (s,
2H), 4.41 (s, 1H), 4.55 (s, 1H), 7.19 (d, 2H, J = 8.0 Hz), 7.23-7.29 (m, 4H), 7.31-7.36 (m, 3H),
7.37-7.40 (m, 1H), 7.46 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): § 2.5, 5.3, 19.9,
21.5, 57.3, 115.9, 126.9, 127.8, 127.96, 128.00, 128.13, 128.15, 128.2, 129.2, 129.9, 132.4, 132.6,
137.2, 138.6, 138.9, 140.1, 141.2, 143.2; MS (ESI) m/z: 481.2 (M+NH,", 100); HRMS (ESI) Calcd.

for C,7H30CIN,O,S" requires: 481.1711, Found: 481.1711.
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Compound 11: 791 mg, 78%, A white solid, m.p. 131-133 °C; IR (CH,CL,): v 2972, 2924, 2879,
1486, 1449, 1346, 1159, 1090, 1046, 880, 815, 654 cm’'; 'H NMR (400 MHz, CDCl;, TMS): §
1.19-1.22 (m, 5H), 1.49 (t, 2H, J = 7.6 Hz), 2.39 (s, 3H), 3.68 (s, 2H), 4.41 (s, 1H), 4.55 (s, 1H),
7.18 (d, 2H, J = 8.4 Hz), 7.23-7.30 (m, 4H), 7.32-7.37 (m, 2H), 7.40 (d, 2H, J = 8.4 Hz), 7.45 (d,
2H, J = 8.4 Hz); *C NMR (100 MHz, CDCL;, TMS): § 2.4, 5.3, 19.9, 21.4, 57.3, 115.9, 120.6,
127.0, 128.0, 128.07, 128.10, 128.13, 128.5, 129.1, 129.8, 131.0, 132.5, 137.1, 138.7, 139.4, 140.0,
141.2, 143.2; MS (ESI) m/z: 525.1 (M+NH,*, 100); HRMS (ESI) Calcd. for C7H3BrN,0,S*

requires: 525.1206, Found: 525.1205.
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Compound 1m: 666 mg, 67%, A white solid, m.p. 105-107 °C; IR (CH,Cl,): v 3065, 2975, 2920,

F3

1615, 1486, 1444, 1324, 1161, 1119, 1071, 1017, 909, 832, 816, 737, 655 cm-'; '"H NMR (400 MHz,
CDCls, TMS): & 1.14 (s, 3H), 1.26 (t, 2H, J = 8.0 Hz), 1.56 (t, 2H, J = 8.0 Hz), 2.40 (s, 3H), 3.66 (s,
2H), 4.40 (s, 1H), 4.53 (s, 1H), 7.18 (d, 2H, J = 8.0 Hz), 7.21 (d, 1H, J = 8.0 Hz), 7.31 (td, 1H, J, =
7.6 Hz, J, = 2.0 Hz), 7.35 (dd, 1H, J; = 7.6 Hz, J, = 2.0 Hz), 7.39 (dd, 1H, J, = 7.6 Hz, J, = 1.2 Hz),
7.43 (d, 2H, J = 8.4 Hz), 7.49-7.55 (m, 4H); '3C NMR (100 MHz, CDCls, TMS): § 2.6, 5.4, 19.8,
21.5,57.6, 115.9, 124.3 (q, Je.r = 269.8 Hz), 125.0 (q, Je.r = 3.7 Hz), 127.1, 128.2, 128.3, 128.5 (q,

Jer =32.1 Hz), 129.2, 129.6, 130.3, 132.6, 136.9, 138.9, 140.0, 141.1, 143.4, 144.0; '°F NMR (376
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MHz, CDCls, CFCly): § -62.2 (s); MS (ESI) m/z: 515.2 (M+NH,", 100); HRMS (ESI) Calcd. for

CysH30F3N,0,S" requires: 515.1975, Found: 515.1977.
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Compound 1n: 718 mg, 81%, A white solid, m.p. 124-126 °C; IR (CH,Cl,): v 3030, 2927, 2921,
1599, 1485, 1443, 1341, 1157, 1092, 1020, 903, 883, 868, 815, 786, 669, 654 cm™'; 'H NMR (400
MHz, CDCl;, TMS): 6 1.17 (t, 2H, J= 7.6 Hz), 1.21 (s, 3H), 1.48 (t, 2H, J = 7.6 Hz), 2.29 (s, 3H),
2.39 (s, 3H), 3.63 (s, 2H), 4.38 (s, 1H), 4.55 (s, 1H), 7.05 (d, 1H, J = 6.8 Hz), 7.12 (s, 1H), 7.16-
7.22 (m, 3H), 7.24-7.26 (m, 1H), 7.28-7.30 (m, 2H), 7.32-7.37 (m, 2H), 7.45 (d, 2H, J = 8.4 Hz);
13C NMR (100 MHz, CDCl3, TMS): 8 2.3, 5.3, 20.0, 21.5, 56.9, 115.7, 124.0, 126.9, 127.5, 127.7,
127.75, 127.84, 128.0, 128.06, 128.13, 129.1, 130.3, 132.7, 137.5, 137.7, 138.3, 140.26, 140.31,
141.8, 143.0; MS (ESI) m/z: 444.2 (M+H", 100); HRMS (ESI) Calcd. for C,gH30NO,S™ requires:
444.1992, Found: 444.1993.
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Compound 1o: 762 mg, 86%, A white solid, m.p. 136-138 °C; IR (CH,Cl,): v 3061, 2974, 2923,
1597, 1485, 1443, 1344, 1161, 1093, 1024, 908, 861, 815, 761, 654 cm'!; 'TH NMR (400 MHz,
CDCl;, TMS): 6 1.27 (s, 4H), 1.31 (s, 3H), 2.10 (s, 3H), 2.40 (s, 3H), 2.89 (s, 1H), 3.79 (s, 1H),
4.29 (s, 1H), 4.58 (s, 1H), 6.93 (d, 1H, J = 8.0 Hz), 7.13-7.21 (m, 7H), 7.35 (t, 1H, J = 7.6 Hz),
7.48-7.50 (m, 3H); 3C NMR (100 MHz, CDCl;, TMS): § 3.8, 4.8, 20.9, 21.3, 21.4, 56.3, 116.8,
125.4, 127.00, 127.05, 128.0, 128.2, 129.0, 129.6, 129.7, 129.9, 130.5, 130.8, 133.0, 136.3, 136.8,
137.9, 140.3, 140.4, 142.8, 143.8; MS (ESI) m/z: 461.2 (M+NH,*, 100); HRMS (ESI) Calcd. for
CysH33N,0,S" requires: 461.2257, Found: 461.2257.
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Compound 1p: 827 mg, 90%, A white solid, m.p. 141-143 °C; IR (CH,Cl,): v 2974, 2923, 2831,

1597, 1490, 1456, 1341, 1245, 1158, 1092, 1045, 1027, 880, 816, 755, 697, 653 cm’'; '"H NMR

(400 MHz, CDCls, TMS): & 1.24-1.34 (m, 7H), 2.40 (s, 3H), 3.57 (brs, SH), 4.37 (s, 1H), 4.60 (s,

1H), 6.84 (dd, 1H, J, = 8.4 Hz, J, = 2.4 Hz), 6.95-7.06 (m, 2H), 7.19-7.20 (m, 3H), 7.24-7.33 (m,

3H), 7.43-7.45 (m, 1H), 7.53-7.56 (m, 2H); 3C NMR (100 MHz, CDCl;, TMS): § 3.8, 4.5, 20.6,

21.4,55.0,56.4,111.1, 116.0, 120.4, 126.7, 127.6, 128.0, 128.3, 129.0, 129.3, 129.8, 130.1, 130.6,

132.7, 136.9, 138.4, 140.6, 142.7, 143.2, 157.2; MS (ESI) m/z: 477.2 (M+NH,4", 100); HRMS (ESI)

Calcd. for C,3H33N,03S™ requires: 477.2206, Found: 477.2207.
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Compound 1q: 741 mg, 80%, A white solid, m.p. 134-136 °C; IR (CH,Cl,): v 2974, 2925, 2881,
1494, 1480, 1341, 1159, 1091, 1045, 879, 815, 775, 741, 664 cm'; 'H NMR (400 MHz, CDCls,
TMS): 6 1.17 (s, 3H), 1.21 (t, 2H, J = 8.0 Hz), 1.50 (t, 2H, J = 8.0 Hz), 2.40 (s, 3H), 3.58 (s, 2H),
4.38 (s, 1H), 4.56 (s, 1H), 7.16-7.19 (m, 3H), 7.23-7.27 (m, 1H), 7.28-7.33 (m, 4H), 7.37 (d, 2H, J =
7.6 Hz), 7.43 (d, 2H, J = 8.4 Hz); 1*C NMR (100 MHz, CDCl;, TMS): 4 2.4, 5.3, 19.9, 21.5, 57.0,
116.2, 126.8, 126.9, 127.0, 127.9, 128.1, 128.2, 129.2, 131.5, 132.4, 133.7, 137.0, 137.2, 139.8,
139.9, 143.3, 143.5; MS (ESI) m/z: 481.2 (M+NH4", 100); HRMS (ESI) Calcd. for C,7H3oCIN,O,S*
requires: 481.1711, Found: 481.1712.

N D@D T RO D DD OO s N
TNR OO - DO ORET N OOD MO
TS O MM e e NN NN e e
e R s

mmmmmmm
mmmmmmm
mmmmmmm

4.557
4.383
3.582
2.398
-0.000

S24



77.321
77.000
76.686
57.005
5274
2415

—_—21.477
————10.808

Al W |

T T T T T T T T T T T T T
200 100 50 0 PPM

OMe

Compound 1r: 781 mg, 85%, A white solid, m.p. 105-107 °C; IR (CH,Cl,): v 3059, 2972, 2834,
1598, 1571, 1493, 1445, 1327, 1302, 1208, 1158, 1092, 1033, 866, 815, 696, 679 cm'!; 'H NMR
(400 MHz, CDCl;, TMS): 6 1.17-1.20 (m, 5H), 1.47 (t, 2H, J = 7.6 Hz), 2.40 (s, 3H), 3.55 (s, 2H),
3.82 (s, 3H), 4.39 (s, 1H), 4.55 (s, 1H), 6.83-6.85 (m, 2H), 7.12 (dd, 1H, J, = 8.4 Hz, J, = 1.6 Hz),
7.18 (d, 2H, J = 8.4 Hz), 7.21-7.25 (m, 1H), 7.30 (t, 2H, J= 7.2 Hz), 7.39 (d, 2H, J = 7.2 Hz), 7.46
(d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): 6 2.4, 5.2, 20.0, 21.5, 55.4, 57.2, 112.9,
1159, 117.6, 126.8, 127.0, 127.2, 127.7, 128.08, 128.11, 129.1, 130.9, 131.4, 137.7, 140.3, 142.9,
143.3, 158.9; MS (ESI) m/z: 460.2 (M+H", 100); HRMS (ESI) Calcd. for C,gH30NO3S™ requires:
460.1941, Found: 460.1942.
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Compound 1s: 769 mg, 83%, A white solid, m.p. 135-137 °C; IR (CH,Cl,): v 2960, 2923, 2855,

1597, 1493, 1446, 1352, 1338, 1260, 1161, 1092, 1028, 909, 843, 815, 698, 678 cm’'; 'H NMR
(400 MHz, CDCls, TMS): & 1.08 (s, 3H), 1.12 (t, 2H, J = 7.6 Hz), 1.43 (t, 2H, J = 7.6 Hz), 2.32 (s,
3H), 3.54 (s, 2H), 4.33 (s, 1H), 4.48 (s, 1H), 7.12 (d, 2H, J = 8.0 Hz), 7.15-7.17 (m, 3H), 7.23 (¢, 2H,
J=17.6 Hz), 7.26-7.31 (m, 3H), 7.37 (d, 2H, J = 8.4 Hz); 3C NMR (100 MHz, CDCl;, TMS): § 2.3,
5.3, 19.8, 21.5, 57.1, 116.1, 126.9, 127.0, 127.9, 128.2, 128.4, 129.2, 130.1, 132.9, 133.5, 137.0,
139.7, 139.8, 140.0, 140.3, 143.4; MS (ESI) m/z: 481.2 (M+NH,*, 100); HRMS (ESI) Calcd. for

C,7H30CIN,O,S* requires: 481.1711, Found: 481.1714.
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Compound 1t: 893 mg, 86%, A white solid, m.p. 143-145 °C; IR (CH,Cl,): v 2964, 2904, 2868,

1598, 1510, 1482, 1343, 1185, 1159, 1091, 1022, 864, 815, 710, 671 cm’'; 'H NMR (400 MHz,

CDCls, TMS): 8 1.13 (s, 3H), 1.19 (¢, 2H, J = 7.6 Hz), 1.32 (s, 9H), 1.49 (t, 2H, J = 7.6 Hz), 2.40 (s,

3H), 3.57 (s, 2H), 4.39 (s, 1H), 4.54 (s, 1H), 7.16-7.19 (m, 3H), 7.28-7.35 (m, 6H), 7.41 (d, 2H, J =

8.0 Hz); *C NMR (100 MHz, CDCl;, TMS): 6 2.3, 5.3, 19.8, 21.5, 31.3, 34.5, 57.2, 116.0, 125.1,

126.51, 126.54, 127.1, 127.9, 128.2, 129.2, 131.3, 132.4, 133.7, 137.0, 137.1, 137.3, 140.0, 143.3,
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143.8, 150.1; MS (ESI) m/z: 537.2 (M+NH,4", 100); HRMS (ESI) Calcd. for C;;H3sCIN,O,S*
requires: 537.2337, Found: 537.2338.
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Compound 1u: 802 mg, 82%, A white solid, m.p. 85-87 °C; IR (CH,Cl,): v 2971, 2934, 2836,
1604, 1572, 1509, 1493, 1463, 1340, 1300, 1247, 1159, 1092, 1034, 865, 834, 815, 680 cm’!; 'H
NMR (400 MHz, CDCL;, TMS): & 1.16 (t, 2H, J = 7.6 Hz), 1.23 (s, 3H), 1.44 (1, 2H, J = 7.6 Hz),
2.40 (s, 3H), 3.59 (s, 2H), 3.80 (s, 3H), 3.82 (s, 3H), 4.41 (s, 1H), 4.56 (s, 1H), 6.81-6.83 (m, 1H),
6.85-6.86 (m, 3H), 7.13(s, 1H), 7.15-7.19 (m, 2H), 7.32 (d, 2H, J = 8.8 Hz), 7.47 (d, 2H, J = 8.4
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Hz); 3C NMR (100 MHz, CDCl;, TMS): 6 2.3, 5.1, 20.0, 21.5, 55.3, 55.4, 57.2, 112.8, 113.4, 115.9,
117.5, 124.9, 127.1, 128.06, 128.08, 129.1, 130.9, 131.4, 133.2, 137.8, 140.3, 142.9, 143.4, 158.6,
158.8; MS (ESI) m/z: 490.2 (M+H*, 100); HRMS (ESI) Calcd. for Cy9H3,NO4S* requires: 490.2047,
Found: 490.2045.
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Compound 1v: 550 mg, 56%, A white solid, m.p. 135-137 °C; IR (CH,Cl,): v 3059, 2975, 2929,
1597, 1493, 1446, 1335, 1155, 1090, 1020, 924, 815, 766, 697, 661 cm''; 'H NMR (400 MHz,
CDCl;, TMS): 6 1.08 (t, 2H, J= 7.6 Hz), 1.29 (t, 2H, J = 7.6 Hz), 2.39 (s, 3H), 4.10 (s, 2H), 4.67 (s,
1H), 5.05 (s, 1H), 6.78 (dd, 2H, J, = 8.4 Hz, J, = 1.2 Hz), 6.95 (d, 1H, J = 8.0 Hz), 7.03 (t, 2H, J =
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8.0 Hz), 7.10-7.16 (m, 3H), 7.18-7.26(m, 2H), 7.28-7.36 (m, 6H), 7.39 (d, 2H, J = 8.0 Hz); 13C
NMR (100 MHz, CDCl;, TMS): & 2.3, 4.9, 21.4, 54.5, 117.9, 126.0, 126.7, 127.1, 127.2, 127.47,
127.50, 127.66, 127.71, 127.9, 128.1, 128.2, 129.0, 130.7, 132.4, 137.2, 138.0, 138.9, 140.4, 141.8,
142.0, 143.0; MS (ESI) m/z: 509.2 (M+NH,4", 100); HRMS (ESI) Calcd. for C5,H33N,0,S* requires:
509.2257, Found: 509.2257.
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Compound 1w: 614 mg, 74%, A white solid, m.p. 106-108 °C; IR (CH,Cl,): v 3055, 2975, 2920,
1597, 1494, 1445, 1351, 1163, 1091, 856, 816, 767, 697, 663 cm™'; 'H NMR (400 MHz, CDCl;,
TMS): 6 1.21 (t, 2H, J= 7.6 Hz), 1.51 (t, 2H, J = 7.6 Hz), 2.40 (s, 3H), 3.57 (s, 2H), 4.71 (d, 1H, J

S30



=16.8 Hz), 4.81 (d, 1H, J=10.0 Hz), 5.22-5.32 (m, 1H), 7.07 (d, 1H, J = 8.0 Hz), 7.19 (d, 2H, J =
8.0 Hz), 7.22 (d, 1H, J = 7.6 Hz), 7.25-7.35 (m, 3H), 7.37-7.38 (m, 4H), 7.43 (d, 2H, J = 8.0 Hz);
3C NMR (100 MHz, CDCl;, TMS): 8 2.2, 5.0, 21.5, 53.8, 118.4, 126.7, 127.1, 127.6, 128.0, 128.1,
128.2, 129.2, 130.0, 132.3, 133.0, 136.9, 138.1, 140.8, 142.4, 143.1; MS (ESI) m/z: 416.2 (M+H",
100); HRMS (ESI) Calcd. for C,¢HysNO,S™ requires: 416.1679, Found: 416.1680.
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Compound 1x: 595 mg, 81%, A white solid, m.p. 100-102 °C; IR (CH,Cl,): v 2973, 2921, 2854,
1597, 1484, 1345, 1159, 1092, 1024, 902, 880, 815, 757, 694, 658 cm’'; 'TH NMR (400 MHz,
CDCl3, TMS): 6 1.12 (brs, 4H), 1.52 (s, 3H), 2.26 (s, 3H), 2.44 (s, 3H), 4.04 (s, 2H), 4.47 (s, 1H),
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4.62 (s, 1H), 6.91 (d, 1H, J = 8.0 Hz), 7.11-7.16 (m, 1H), 7.23-7.24 (m, 2H), 7.30 (d, 2H, J = 8.0
Hz), 7.73 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl;, TMS): 6 2.6, 4.1, 20.3, 21.5, 22.3, 57.9,
115.7,123.3, 124.9, 127.0, 127.9, 128.2, 128.4, 129.4, 131.2, 137.4, 137.6, 140.1, 143.3, 143.7; MS
(ESI) m/z: 368.2 (M+H*, 100); HRMS (ESI) Calcd. for C;,H¢NO,S™ requires: 368.1679, Found:
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Compound 1y: 544 mg, 77%, A white solid, m.p. 135-137 °C; IR (CH,Cl,): v 3070, 2975, 2915,
1597, 1485, 1449, 1346, 1163, 1093, 1026, 865, 815, 771, 692, 656 cm’!; 'TH NMR (400 MHz,
CDCl;, TMS): 6 1.12-1.16 (m, 2H), 1.38-1.40 (m, 2H), 1.77 (s, 3H), 2.43 (s, 3H), 3.87 (d, 1H, J =
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13.2 Hz), 4.26 (d, 1H, J = 13.2 Hz), 4.59 (s, 1H), 4.70 (s, 1H), 6.67 (dd, 1H, J; = 8.0 Hz, J, = 0.8
Hz), 7.04-7.10 (m, 2H), 7.23-7.28 (m, 3H), 7.56 (d, 2H, J = 8.0 Hz), 7.91 (dd, 1H, J, = 8.0 Hz, J, =
0.8 Hz); *C NMR (100 MHz, CDCl;, TMS): § 0.5, 4.1, 20.4, 21.5, 58.2, 114.1, 115.8, 125.9, 126.6,
126.9, 128.0, 128.1, 128.5, 129.4, 135.5, 136.1, 138.7, 139.8, 143.4; MS (ESI) m/z: 354.2 (M+H",
100); HRMS (ESI) Calcd. for C,;Hp4sNO,S™ requires: 354.1522, Found: 354.1522.
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Compound 1z: 404 mg, 66%, A white solid, m.p. 128-130 °C; IR (CH,Cl,): v 2972, 2931, 2831,
1608, 1578, 1504, 1443, 1305, 1198, 1164, 1088, 1044, 880, 799, 695 cm’'; 'TH NMR (400 MHz,
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CDClI3, TMS): 6 1.17-1.11 (m, 2H), 1.34 (s, 3H), 1.43-1.47 (m, 2H), 3.72 (s, 3H), 4.14 (s, 2H), 4.59
(s, 1H), 4.63 (s, 1H), 6.41-6.46 (m, 2H), 7.05-7.11 (m, 2H), 7.16 (t, 2H, J= 7.6 Hz), 7.36 (d, 2H, J
=7.6 Hz); 3C NMR (100 MHz, CDCl;, TMS): 6 1.7, 5.3, 18.9, 55.2,71.7,99.9, 104.4, 111.8, 123.2,
124.4, 126.2, 126.5, 127.0, 127.8, 131.8, 140.7, 141.1, 157.3, 160.0; MS (ESI) m/z: 307.2 (M+H",
100); HRMS (ESI) Calcd. for C,Hy30," requireS' 307.1693, Found: 307.1694.
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General procedure for the synthesis of products 2

/\/ Pd(PPh3),Cl, (10 mol%)
| o,

R + ICF,COOEt DPE-Phos (20 mol%)
Cs,CO;3 (1.5 equiv)
1,4-dioxane, 50 °C

1 (0.15 mmol, 1.0 equiv), Pd(PPh;),Cl, (0.015 mmol, 0.10 equiv), DPE-Phos (0.030 mmol, 0.20
equiv) and Cs,COj; (0.225 mmol, 1.5 equiv) were dissolved in super-dry 1,4-dioxane (1.5 mL), then
ICF,COOEt (0.30 mmol, 2.0 equiv) was added dropwise and the reaction tube was placed in a pre-
heated 50 °C oil bath. The reaction was stopped after 12 h and the reaction mixture was filtered
through a celite. The filtrate was concentrated under reduced pressure and the residue was purified
by silica gel flash chromatography (eluent: petroleum ether / ethyl acetate = 8 / 1) to afford the

products 2 in good yields.
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Spectroscopic data for products 2

Compound 2a: 77 mg, 76%, A white solid, m.p. 130-132 °C; IR (CH,Cl,): v 3055, 2981, 2925,
2861, 1765, 1596, 1487, 1343, 1303, 1169, 1156, 1093, 1079, 860, 768, 706 cm™'; "H NMR (400
MHz, CDCl;, TMS): 8 1.24 (t, 3H, J = 7.2 Hz), 1.36 (s, 3H), 1.61-1.74 (m, 1H), 2.14-2.27 (m, 1H),
2.46 (s, 3H), 2.59-2.64 (m, 1H), 2.84-2.92 (m, 1H), 2.98-3.09 (m, 2H), 3.70 (d, 1H, J = 13.6 Hz),
4.18 (qd, 2H, J, = 6.8 Hz, J, = 1.6 Hz), 4.51 (d, 1H, J=13.6 Hz), 6.78 (dd, 1H, J, = 7.2 Hz, J, = 1.6
Hz), 7.00 (dd, 1H, J, = 7.2 Hz, J, = 1.6 Hz), 7.10-7.14 (m, 2H), 7.19 (d, 2H, J = 7.2 Hz), 7.29-7.37
(m, 5H), 7.71 (d, 2H, J = 8.0 Hz); 13C NMR (100 MHz, CDCl;, TMS): 6 2.4, 13.8, 21.6, 25.4, 37.5,
41.0, 43.4 (t, Jcr = 20.8 Hz), 62.9, 70.0, 115.6 (t, Jcr = 252.1 Hz), 127.0, 127.1, 127.7, 128.0,
128.5, 128.6, 129.2, 129.7, 130.2, 136.3, 138.8, 140.0, 142.1, 142.3, 143.1, 143.5, 164.0 (t, Jcr =
32.7 Hz); 'F NMR (376 MHz, CDCl;, CFCls): 6 -100.5 (ddd, 1F, J, = 258.3 Hz, J, =26.7 Hz, J; =
11.7 Hz), -102.4 (ddd, 1F, J; = 258.3 Hz, J, = 21.8 Hz, J; = 11.3 Hz); MS (ESI) m/z: 697.1
(M+NH,4*, 100); HRMS (ESI) Calcd. for C3;H36F,IN,O4S™ requires: 697.1403, Found: 697.1401.
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Compound 2b: 81 mg, 73%, A white solid, m.p. 141-143 °C; IR (CH,Cl,): v 3057, 2976, 2936,

2863, 1763, 1575, 1486, 1472, 1389, 1347, 1301, 1170, 1158, 1140, 1090, 1069, 1054, 1010, 880,
859, 748, 705 cnr'; '"H NMR (400 MHz, CDCL;, TMS): & 1.24 (t, 3H, J = 7.2 Hz), 1.38 (s, 3H),
1.60-1.75 (m, 1H), 2.12-2.25 (m, 1H), 2.61-2.67 (m, 1H), 2.95-3.16 (m, 3H), 3.70 (d, 1H, J = 13.6
Hz), 4.18 (qd, 2H, J, = 6.8 Hz, J, = 1.6 Hz), 4.56 (d, 1H, J = 13.6 Hz), 6.81 (dd, 1H, J, = 7.6 Hz, J,
=2.0 Hz), 6.90 (dd, 1H, J, = 7.6 Hz, J, = 1.2 Hz), 7.11-7.21 (m, 4H), 7.31 (t, 1H, J = 7.6 Hz), 7.36-
7.39 (m, 2H), 7.68 (brs, 4H); 13C NMR (100 MHz, CDCls, TMS): § 2.3, 13.8, 25.4, 37.6, 41.2, 43.5
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(t, Jor = 21.1 Hz), 62.9, 70.2, 115.6 (t, Jcr = 253.1 Hz), 127.3, 127.4, 127.6, 128.2, 128.5, 128.6,
129.0, 129.1, 130.4, 132.5, 136.0, 140.1, 140.9, 142.2, 142.3, 143.5, 164.0 (t, Jcr = 32.8 Hz); I°F
NMR (376 MHz, CDCl;, CFCly): 6 -100.6 (d, 1F, J = 258.7 Hz), -102.3 (d, 1F, J = 258.7 Hz); MS
(ESI) m/z: 744.0 (M+H", 100); HRMS (ESI) Calcd. for C30H3oF,INO4S* requires: 744.0086, Found:
744.0093.
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Compound 2c¢: 74 mg, 82%, A white solid, m.p. 122-124 °C; IR (CH,Cl,): v 2973, 2929, 2893,
1763, 1488, 1444, 1355, 1169, 1145, 1078, 1047, 964, 879, 771, 736, 705 cm™'; '"H NMR (400 MHz,
CDCl;, TMS): 6 1.26 (t, 3H, J = 7.2 Hz), 1.37 (s, 3H), 1.64-1.79 (m, 1H), 2.18-2.31 (m, 1H), 2.59-
2.70 (m, 1H), 2.99-3.18 (m, 6H), 3.71 (d, 1H, J= 14.0 Hz), 4.18-4.23 (m, 2H), 4.45 (d, 1H, J=14.0
Hz), 6.83 (dd, 1H, J; = 7.2 Hz, J, = 1.2 Hz), 7.18-7.22 (m, 1H), 7.23-7.26 (m, 2H), 7.29-7.33 (m,
4H), 7.36-7.40 (m, 2H); '3C NMR (100 MHz, CDCl;3, TMS): $ 2.6, 13.8,25.4,37.7,41.3,41.8,43.5
(t, Jor = 21.2 Hz), 62.9, 69.6, 115.6 (t, Jor = 252.3 Hz), 127.3, 127.8, 128.4, 128.7, 129.0, 129.2,
130.6, 136.3, 140.2, 142.3, 142.4, 143.5, 164.0 (t, Jc.r = 32.8 Hz); '°F NMR (376 MHz, CDCls,
CFCl;): 6 -100.7 (ddd, 1F, J; = 259.8 Hz, J, = 25.9 Hz, J; = 13.9 Hz), -102.4 (ddd, 1F, J; = 259.8
Hz, J, = 34.2 Hz, J5 = 12.0 Hz); MS (ESI) m/z: 621.1 (M+NH,*, 100); HRMS (ESI) Calcd. for
Cy5H3,FL,IN,O4S™ requires: 621.1090, Found: 621.1091.
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Compound 2d: 68 mg, 64%, A white solid, m.p. 129-131 °C; IR (CH,Cl,): v 3019, 2970, 1765,
1531, 1485, 1346, 1307, 1171, 1159, 1085, 1048, 868, 774, 705 cm™'; 'H NMR (400 MHz, CDCls,
TMS): 0 1.25 (t, 3H, J = 7.2 Hz), 1.41 (s, 3H), 1.58-1.77 (m, 1H), 2.11-2.24 (m, 1H), 2.45-2.71 (m,
1H), 2.99-3.20 (m, 3H), 3.73 (d, 1H, J = 13.6 Hz), 4.19 (qd, 2H, J, = 7.2 Hz, J, = 1.2 Hz), 4.60 (d,
1H, J=14.0 Hz), 6.75 (d, 1H, J = 8.4 Hz), 6.85 (d, I1H, J= 6.8 Hz), 7.13 (td, 1H, J; = 7.2 Hz, J, =
1.2 Hz), 7.21 (t, 1H, J=17.2 Hz), 7.29 (d, 2H, J= 8.4 Hz), 7.34 (d, 1H, J= 7.2 Hz), 7.39 (t, 2H, J =
7.2 Hz), 8.02 (d, 2H, J = 8.4 Hz), 8.40 (d, 2H, J = 8.8 Hz); '*C NMR (100 MHz, CDCl;, TMS): &
2.2, 13.8, 25.4, 37.6, 41.3, 43.6 (t, Jcr = 20.5 Hz), 63.0, 70.3, 115.5 (t, Jcr = 252.8 Hz), 124.5,
126.9, 127.4, 128.1, 128.3, 128.7, 129.1, 129.4, 130.0, 130.6, 135.5, 140.2, 142.1, 142.5, 143.9,
147.6, 150.0, 164.0 (t, Jo.r = 31.9 Hz); '°F NMR (376 MHz, CDCl3, CFCl;): 8 -100.6 (ddd, 1F, J, =
259.4 Hz, J, = 25.9 Hz, J; = 13.9 Hz), -102.3 (ddd, 1F, J; = 259.4 Hz, J, = 22.6 Hz, J; = 10.5 Hz);
MS (ESI) m/z: 711.1 (M+H", 100); HRMS (ESI) Calcd. for C3oH30F,IN,O6S* requires: 711.0832,
Found: 711.0847.
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Compound 2e: 45 mg, 56%, A colorless oil; IR (CH,Cl,): v 2979, 2929, 2870, 1760, 1646, 1592,

1491, 1442, 1300, 1189, 1170, 1073, 1050, 753, 707 cm’'; 'H NMR (400 MHz, CDCls, TMS):
1.33 (t, 3H, J = 7.2 Hz), 1.46 (s, 3H), 2.23-2.55 (m, 3H), 2.84-2.95 (m, 3H), 2.98 (s, 3H), 3.07 (d,
1H, J = 13.6 Hz), 3.41 (d, 1H, J = 13.6 Hz), 4.25-4.33 (m, 2H), 6.50 (dd, 1H, J, = 8.0 Hz, J, = 1.2
Hz), 6.52-6.62 (m, 1H), 6.83 (d, 1H, J = 8.4 Hz), 7.03-7.07 (m, 3H), 7.29-7.36 (m, 3H); 3C NMR
(100 MHz, CDCL;, TMS): & 3.8, 13.9, 26.1, 39.1, 40.7 (t, Jor = 20.2 Hz), 41.3, 46.3, 63.1, 69.1,
112.6, 116.1 (t, Jor = 252.8 Hz), 119.2, 126.7, 126.9, 128.5, 130.0, 133.6, 139.6, 143.2, 145.2,
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153.7, 164.3 (t, Jor = 32.7 Hz); '°F NMR (376 MHz, CDCl;, CFCls): 6 -100.1 (ddd, 1F, J; = 260.2
Hz, J, = 23.7 Hz, J; = 10.2 Hz), -102.5 (ddd, 1F, J; = 260.2 Hz, J, = 25.9 Hz, J; = 15.8 Hz); MS
(ESI) m/z: 540.1 (M+H*, 100); HRMS (ESI) Calcd. for C,5HyoF,INO,™ requires: 540.1206, Found:

540.1208.
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Compound 2f: 82 mg, 87%, A white solid, m.p. 178-180 °C; IR (CH,Cl,): v 3062, 2976, 2926,
1763, 1652, 1578, 1489, 1446, 1324, 1276, 1212, 1174, 1060, 762, 709 cm'!; 'TH NMR (400 MHz,
CDClI3, TMS): 6 1.30 (t, 3H, J= 7.2 Hz), 1.49 (s, 3H), 2.24-2.41 (m, 2H), 2.47-2.54 (m, 1H), 2.95-
2.99 (m, 2H), 3.09-3.16 (m, 1H), 3.60 (d, 1H, J=13.6 Hz), 4.26 (q, 2H, J= 7.2 Hz), 4.97 (d, 1H, J
= 13.6 Hz), 6.56 (d, 1H, J = 8.0 Hz), 6.65-6.67 (m, 1H), 6.82-6.87 (m, 2H), 7.22-7.29 (m, 4H),
7.33-7.40 (m, 2H), 7.44-7.49 (m, 4H); 13C NMR (100 MHz, CDCl3;, TMS): & 2.4, 13.8, 28.3, 38.8,
41.5 (t, Jcr = 21.2 Hz), 46.0, 60.3, 63.2, 115.7 (t, Jcr = 252.8 Hz), 125.7, 126.7, 127.3, 128.1,
128.9, 129.0, 129.6, 130.6, 132.4, 135.4, 135.6, 138.4, 143.8, 144.0, 144.4, 163.9 (t, Jcr = 32.8 Hz),
170.1; 'F NMR (376 MHz, CDCl;, CFCly): 6 -100.9 (ddd, 1F, J, = 257.9 Hz, J, = 23.7 Hz, J; =
15.6 Hz), -103.3 (ddd, 1F, J, =257.9 Hz, J, = 22.6 Hz, J; = 14.7 Hz); MS (ESI) m/z: 630.1 (M+H",
100); HRMS (ESI) Calcd. for C3;H3,F,INO;* requires: 630.1311, Found: 630.1311.
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Compound 2g: 83 mg, 80%, A white solid, m.p. 130-132 °C; IR (CH,Cl,): v 2979, 2926, 2859,
1764, 1597, 1487, 1444, 1344, 1303, 1154, 1139, 1091, 1037, 881, 813, 769, 734, 706 cm'; 'H
NMR (400 MHz, CDCl;, TMS): 6 1.24 (t, 3H, J = 7.2 Hz), 1.64 (s, 3H), 1.66-1.73 (m, 1H), 2.12-
2.25 (m, 1H), 2.37 (s, 3H), 2.47 (s, 3H), 2.56-2.63 (m, 1H), 2.81-2.87 (m, 1H), 2.94-3.10 (m, 2H),
3.70 (d, 1H, J = 13.6 Hz), 4.15-4.20 (m, 2H), 4.48 (d, 1H, J = 13.6 Hz), 6.76-6.78 (m, 1H), 7.01-
7.04 (m, 3H), 7.12-7.15 (m, 4H), 7.32 (d, 2H, J = 8.0 Hz), 7.71 (d, 2H, J = 8.0 Hz); '*C NMR (100
MHz, CDCl;, TMS): 6 2.5, 13.8, 21.2, 21.6, 25.4, 37.5, 41.0, 43.4 (t, Jcr = 21.1 Hz), 62.8, 70.1,
115.6 (t, Jcg = 252.3 Hz), 127.1, 127.8, 128.0, 128.5, 129.1, 129.2, 129.7, 130.3, 136.4, 136.7,
138.8, 139.4, 140.1, 142.0, 143.3, 143.5, 164.0 (t, Jc.r = 32.8 Hz); '°F NMR (376 MHz, CDCls,
CFCl3): 6 -100.5 (d, 1F, J=258.3 Hz), -102.4 (d, 1F, J = 258.3 Hz); MS (ESI) m/z: 711.2 (M+NH,*,
100); HRMS (ESI) Calcd. for C3,H3gF,IN,O4S™ requires: 711.1560, Found: 711.1561.
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Compound 2h: 91 mg, 83%, A white solid, m.p. 143-145 °C; IR (CH,CL,): v 2966, 2898, 2865,
1764, 1487, 1447, 1342, 1303, 1155, 1139, 1091, 1049, 880, 846, 769, 705 cm™'; 'H NMR (400
MHz, CDCl, TMS): & 1.24 (t, 3H, J = 7.2 Hz), 1.34 (s, 9H), 1.35 (s, 3H), 1.64-1.73 (m, 1H), 2.11-
2.25 (m, 1H), 2.46 (s, 3H), 2.56-2.63 (m, 1H), 2.83-2.90 (m, 1H), 2.96-3.09 (m, 2H), 3.70 (d, 1H, J
= 13.6 Hz), 4.18 (qd, 2H, J, = 6.8 Hz, J, = 1.2 Hz), 4.49 (d, 1H, J= 13.6 Hz), 6.79 (dd, 1H, J, = 7.2
Hz, J, = 1.6 Hz), 6.70-7.09 (m, 3H), 7.11-7.16 (m, 2H), 7.31-7.35 (m, 4H), 7.70 (d, 2H, J = 8.4 Hz);
13C NMR (100 MHz, CDCl;, TMS): 5 2.7, 13.8, 21.6, 25.5, 31.3, 34.5, 37.5, 41.0, 43.4 (t, Joy =
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21.1 Hz), 62.8, 70.0, 115.6 (t, Jer = 252.3 Hz), 125.3, 127.1, 127.7, 127.9, 128.5, 128.7, 129.7,
130.4, 136.3, 138.8, 139.3, 140.1, 141.9, 143.3, 143.5, 149.9, 164.0 (t, Jor = 32.8 Hz); 'F NMR
(376 MHz, CDCls, CFCLy): § -100.4 (ddd, 1F, J, = 258.3 Hz, J, = 25.6 Hz, J; = 13.5 Hz), -102.4
(ddd, 1F, J, = 258.3 Hz, J, = 23.3 Hz, J; = 10.9 Hz); MS (ESI) m/z: 753.2 (M+NH,*, 100); HRMS

(ESI) Calcd. for C35H44F,IN,O4S* requires: 753.2029, Found: 753.2026.
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Compound 2i: 90 mg, 85%, A white solid, m.p. 123-125 °C; IR (CH,Cl,): v 3070, 2974, 2926,
2859, 1764, 1607, 1508, 1486, 1445, 1342, 1287, 1196, 1169, 1156, 1092, 1078, 1033, 880, 777,
737, 705 cm™'; '"H NMR (400 MHz, CDCl3, TMS): 6 1.24 (t, 3H, J = 7.2 Hz), 1.35 (s, 3H), 1.63-
1.72 (m, 1H), 2.12-2.25 (m, 1H), 2.46 (s, 3H), 2.58-2.65 (m, 1H), 2.83-2.90 (m, 1H), 2.97-3.13 (m,
2H), 3.69 (d, 1H, J=13.6 Hz), 3.83 (s, 3H), 4.18 (qd, 2H, J, = 7.2 Hz, J, = 1.2 Hz), 4.50 (d, 1H, J =
13.6 Hz), 6.77 (dd, 1H, J, = 7.6 Hz, J, = 1.6 Hz), 6.88 (d, 2H, J = 8.8 Hz), 6.98 (dd, 1H, J; = 7.6 Hz,
J, = 1.6 Hz), 7.09-7.17 (m, 4H), 7.32 (d, 2H, J = 8.0 Hz), 7.71 (d, 2H, J = 8.0 Hz); '3C NMR (100
MHz, CDCl;, TMS): 6 2.5, 13.8, 21.6, 25.5, 37.5, 41.1, 43.4 (t, Jor = 21.1 Hz), 55.2, 62.9, 70.1,
113.9, 115.6 (t, Jcr = 252.3 Hz), 127.1, 127.7, 128.0, 128.6, 129.8, 130.37, 130.42, 134.8, 136.3,
138.8, 139.8, 142.1, 143.5, 143.6, 158.5, 164.1 (t, Jor = 32.8 Hz); ’F NMR (376 MHz, CDCl;,
CFCl3): 6 -100.5 (d, 1F, J=258.3 Hz), -102.4 (d, 1F, J = 258.3 Hz); MS (ESI) m/z: 727.2 (M+NH,*,
100); HRMS (ESI) Calcd. for C3,H3sF,IN,OsS™ requires: 727.1509, Found: 727.1506.
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Compound 2j: 68 mg, 65%, A white solid, m.p. 129-131 °C; IR (CH,Cl,): v 2976, 2929, 2895,
1766, 1506, 1448, 1341, 1157, 1091, 1046, 879, 766, 737, 657 cm’!; 'H NMR (400 MHz, CDCl;,
TMS): 6 1.24 (t, 3H, J= 7.2 Hz), 1.36 (s, 3H), 1.64-1.73 (m, 1H), 2.12-2.25 (m, 1H), 2.47 (s, 3H),
2.61-2.67 (m, 1H), 2.87-2.93 (m, 1H), 2.99-3.11 (m, 2H), 3.68 (d, 1H, J=13.6 Hz), 4.18 (qd, 2H, J;
=7.2Hz, J, =12 Hz), 4.54 (d, 1H, J=13.6 Hz), 6.75 (dd, 1H, J, = 7.6 Hz, J, = 2.0 Hz), 6.93 (dd,
1H, J, =7.6 Hz, J, = 1.2 Hz), 7.04-7.10 (m, 2H), 7.12-7.15 (m, 2H), 7.17-7.26 (m, 2H), 7.33 (d, 2H,
J=8.0 Hz), 7.70 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl;, TMS): & 2.0, 13.8, 21.6, 25.4,
37.6,41.2,43.5 (t, Jor = 21.2 Hz), 62.9, 70.2, 115.57 (d, Jcr = 21.1 Hz), 115.63 (t, Jcr = 252.3
Hz), 127.0, 127.7, 128.2, 128.7, 129.8, 130.2, 131.0 (d, Jcr = 8.0 Hz), 136.4, 138.3 (d, Jcr = 3.7
Hz), 138.9, 139.1, 142.8, 143.4, 143.5, 161.9 (d, Jcr = 245.0 Hz), 164.0 (t, Jcr = 32.8 Hz); °F
NMR (376 MHz, CDCl;, CFCl;): 6 -100.7 (d, 1F, J = 258.3 Hz), -102.4 (d, 1F, J = 258.3 Hz), -
114.8 (s, 1F); MS (ESI) m/z: 715.1 (M+NH,*, 100); HRMS (ESI) Calcd. for Cs;HssF5IN,0,S*
requires: 715.1309, Found: 715.1306.
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Compound 2k: 76 mg, 71%, A white solid, m.p. 139-141 °C; IR (CH,Cl,): v 3056, 2979, 2934,

2854, 1765, 1486, 1450, 1342, 1304, 1168, 1156, 1090, 1054, 1016, 861, 770, 658 cm™!; 'H NMR

(400 MHz, CDCls, TMS): & 1.24 (t, 3H, J = 7.2 Hz), 1.36 (s, 3H), 1.60-1.73 (m, 1H), 2.11-2.25 (m,

1H), 2.47 (s, 3H), 2.61-2.70 (m, 1H), 2.86-2.90 (m, 1H), 2.98-3.09 (m, 2H), 3.68 (d, 1H, J = 13.6

Hz), 4.15-4.20 (m, 2H), 4.53 (d, 1H, J = 13.6 Hz), 6.73 (d, IH, J= 7.2 Hz), 6.93 (d, 1H, J= 7.6 Hz),

7.11-7.18 (m, 4H), 7.32-7.35 (m, 4H), 7.70 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl,,

TMS): 6 1.8, 13.8, 21.6, 25.4, 37.5, 41.2, 43.5 (t, Jor = 21.1 Hz), 62.9, 70.2, 115.6 (t, Jor = 252.3
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Hz), 127.0, 127.7, 128.3, 128.8, 128.9, 129.8, 130.2, 130.7, 133.2, 136.4, 138.8, 138.9, 140.8, 142.8,
143.1, 143.6, 164.0 (t, Jo.r = 32.8 Hz); '°F NMR (376 MHz, CDCl3, CFCl;): 8 -100.7 (ddd, 1F, J, =
259.8 Hz, J, = 25.9 Hz, J; = 13.5 Hz), -102.3 (ddd, 1F, J, = 259.8 Hz, J, = 23.3 Hz, J; = 10.9 Hz);
MS (ESI) m/z: 731.1 (M+NH,", 100); HRMS (ESI) Calcd. for C;;H3sCIF,IN,O4S* requires:
731.1013, Found: 731.1011.
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Compound 21: 77 mg, 68%, A white solid, m.p. 148-150 °C; IR (CH,Cl,): v 2974, 2924, 2868,
1764, 1484, 1447, 1341, 1304, 1155, 1091, 1078, 1052, 1011, 860, 814, 769, 657 cm’!; 'H NMR
(400 MHz, CDCl;, TMS): 6 1.24 (t, 3H, J = 7.2 Hz), 1.36 (s, 3H), 1.63-1.72 (m, 1H), 2.11-2.24 (m,
1H), 2.47 (s, 3H), 2.61-2.67 (m, 1H), 2.85-2.90 (m, 1H), 2.98-3.09 (m, 2H), 3.68 (d, 1H, J = 13.6
Hz), 4.18 (qd, 2H, J, = 7.2 Hz, J, = 1.2 Hz), 4.53 (d, 1H, J = 13.6 Hz), 6.73 (dd, 1H, J, = 7.6 Hz, J,
=1.6 Hz), 6.92 (dd, 1H, J, = 7.6 Hz, J, = 1.6 Hz), 7.10-7.19 (m, 4H), 7.33 (d, 2H, J = 7.6 Hz), 7.49
(d, 2H, J= 7.6 Hz), 7.69 (d, 2H, J = 7.6 Hz); 3*C NMR (100 MHz, CDCl;, TMS): § 1.8, 13.8, 21.6,
25.4,37.5,41.2,43.5 (t, Jcr =21.1 Hz), 62.9, 70.2, 115.6 (t, Jcr = 252.3 Hz), 121.4, 127.0, 127.8,
128.3, 128.8, 129.8, 130.2, 131.1, 131.8, 136.4, 138.8, 138.9, 141.3, 142.8, 143.1, 143.6, 164.0 (t,
Jer = 32.8 Hz); F NMR (376 MHz, CDCl;, CFCl;): 6 -100.6 (d, 1F, J = 258.7 Hz), -102.3 (d, 1F,
J =258.7 Hz); MS (ESI) m/z: 775.1 (M+NH4*, 100); HRMS (ESI) Calcd. for C3;H;35BrF,IN,0,S*
requires: 775.0508, Found: 775.0505.
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Compound 2m: 68 mg, 61%, A white solid, m.p. 126-128 °C; IR (CH,Cl,): v 2981, 2926, 2856,
1766, 1488, 1447, 1341, 1167, 1126, 1066, 1019, 862, 849, 775, 658 cm’'; 'H NMR (400 MHz,
CDCl;, TMS): 6 1.25 (t, 3H, J= 7.2 Hz), 1.38 (s, 3H), 1.61-1.74 (m, 1H), 2.13-2.26 (m, 1H), 2.47 (s,
3H), 2.63-2.70 (m, 1H), 2.85-3.12 (m, 3H), 3.68 (d, 1H, J = 13.6 Hz), 4.16-4.21 (m, 2H), 4.56 (d,
1H, J=13.6 Hz), 6.70 (d, 1H, J = 7.2 Hz), 6.93 (dd, 1H, J, = 8.0 Hz, J, = 1.2 Hz), 7.12-7.19 (m,
2H), 7.34 (d, 2H, J = 8.0 Hz), 7.39 (d, 2H, J = 8.0 Hz), 7.63 (d, 2H, J= 8.0 Hz), 7.71 (d, 2H, /= 8.0
Hz); 13C NMR (100 MHz, CDCl;, TMS): & 1.5, 13.8, 21.6, 25.3, 37.6, 41.3, 43.5 (t, Jcr = 21.2 Hz),
63.0, 70.2, 115.6 (t, Jor = 252.3 Hz), 124.1 (q, Jcr = 270.5 Hz), 125.6 (q, Jcr = 3.0 Hz), 127.0,
127.8, 128.5, 128.9, 129.4 (q, Jcr = 32.1 Hz), 129.77, 129.83, 130.1, 136.5, 138.78, 138.84, 142.9,
143.2, 143.6, 146.0, 164.0 (t, Jo.r = 32.8 Hz); '’F NMR (376 MHz, CDCl;, CFCl;): 8 -62.4 (s, 3F), -
100.7 (ddd, 1F, J; =259.8 Hz, J, = 25.9 Hz, J; = 13.5 Hz), -102.3 (ddd, 1F, J; =259.8 Hz, J, = 23.3
Hz, J; =10.9 Hz); MS (ESI) m/z: 765.1 (M+NH,4", 100); HRMS (ESI) Calcd. for C3,H35F5IN,O4S*
requires: 765.1277, Found: 765.1275.
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Compound 2n: 74 mg, 71%, A white solid, m.p. 134-136 °C; IR (CH,CL,): v 3065, 2979, 2923,
2854, 1764, 1598, 1487, 1448, 1343, 1303, 1157, 1139, 1091, 1079, 1054, 1038, 859, 814, 733, 658
cm'; 'TH NMR (400 MHz, CDCly, TMS): § 1.24 (t, 3H, J = 7.2 Hz), 1.35 (s, 3H), 1.61-1.74 (m, 1H),
2.07-2.22 (m, 1H), 2.36 (s, 3H), 2.46 (s, 3H), 2.57-2.63 (m, 1H), 2.82-2.88 (m, 1H), 2.95-3.08 (m,
2H), 3.70 (d, 1H, J = 13.6 Hz), 4.18 (qd, 2H, J, = 7.2 Hz, J, = 2.4 Hz), 4.48 (d, 1H, J = 13.6 Hz),
6.78-6.80 (m, 1H), 6.95-7.04 (m, 3H), 7.10-7.16 (m, 3H), 7.21-7.25 (m, 1H), 7.33 (d, 2H, J = 8.0
Hz), 7.72 (d, 2H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): § 2.5, 13.8, 21.5, 21.6, 25.5, 37.5,
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41.0, 43.4 (t, Jor = 20.4 Hz), 62.9, 70.0, 115.6 (t, Jcr = 252.3 Hz), 126.3, 127.1, 127.7, 127.9,
128.0, 128.4, 128.5, 129.7, 129.8, 130.3, 136.4, 138.1, 138.8, 140.2, 142.0, 143.1, 143.5, 164.0 (t,
Jer = 32.8 Hz); 'F NMR (376 MHz, CDCl;, CFCl3): 8 -100.7 (d, 1F, J=259.8 Hz), -102.3 (d, 1F,
J = 259.8 Hz); MS (ESI) m/z: 694.1 (M+H*, 100); HRMS (ESI) Calcd. for C3,H3sF,INO,S*
requires: 694.1294, Found: 694.1292.
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Compound 20: 79 mg, 76%, dr = 3:2, inseparable, A colorlss oil; IR (CH,Cl,): v 3062, 2974, 2925,
2856, 1765, 1597, 1486, 1447, 1343, 1303, 1191, 1156, 1142, 1112, 1091, 1047, 881, 815, 737, 658
cm'; TH NMR (400 MHz, CDCl;, TMS): 6 1.21-1.26 (m, 3H), 1.38 (s, 3H), 1.75-1.88 (m, 1H), 2.08
(s, 1.2H), 2.19-2.30 (m, 1H), 2.35 (s, 1.8H), 2.47 (s, 3H), 2.57-2.67 (m, 2H), 2.84-3.07 (m, 2H),
3.66 (d, 0.4H, J = 12.4 Hz), 3.79 (d, 0.6H, J = 13.6 Hz), 4.15-4.21 (m, 2H), 4.33 (d, 0.4H, J=12.4
Hz), 4.52 (d, 0.6H, J = 13.6 Hz), 6.72-6.76 (m, 1H), 7.03 (d, 1H, J = 7.2 Hz), 7.08 (t, 1H, J = 7.2
Hz), 7.13 (t, 2H, J = 7.2 Hz), 7.19-7.26 (m, 3H), 7.34-7.39 (m, 2H), 7.73 (d, 1H, J = 8.4 Hz), 7.84
(d, 1H, J= 8.4 Hz); 3C NMR (100 MHz, CDCl;, TMS): 6 1.8, 1.9, 13.8, 19.6, 20.2, 21.6, 24.7, 26.0,
37.6, 38.1, 41.1, 41.5, 43.1 (t, Jcr = 21.2 Hz), 43.8 (t, Jcr = 21.9 Hz), 62.88, 62.95, 68.9, 69.8,
115.5 (t, Jer = 252.4 Hz), 115.6 (t, Jor = 252.3 Hz), 125.5, 125.7, 126.4, 127.0, 127.4, 127.56,
127.63, 127.7, 127.98, 128.00, 128.7, 129.2, 129.7, 129.8, 129.9, 130.28, 130.32, 130.9, 134.2,
136.6, 138.1, 138.2, 138.4, 138.9, 139.3, 140.1, 141.4, 141.7, 142.4, 142.8, 143.5, 143.7, 143.8,
163.96 (t, Jo.r = 32.8 Hz), 164.36 (t, Jc.r = 32.8 Hz); '°F NMR (376 MHz, CDCl;, CFCl3): 8 -100.0
(d, 0.6F, J = 259.8 Hz), -100.5 (d, 0.4F, J = 259.8 Hz), -102.5 (d, 0.6F, J = 259.8 Hz), -102.6 (d,

04F, J = 259.8 Hz); MS (ESI) m/z: 7112 (M+NH,", 100); HRMS (ESI) Calcd. for

C3,H3gF,IN,O4S* requires: 711.1560, Found: 711.1558.
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Compound 2p: 90 mg, 85%, dr = 3:2, inseparable, A colorless oil; IR (CH,Cl,): v 3065, 2973,
2926, 2851, 1764, 1596, 1488, 1456, 1340, 1303, 1194, 1155, 1091, 1048, 1026, 862, 729, 658 cm"
I; TH NMR (400 MHz, CDCl;, TMS):  1.24 (t, 3H, J = 7.2 Hz), 1.26 (s, 1.2H), 1.36 (s, 1.8H), 1.64-
1.86 (m, 1H), 2.15-2.28 (m, 1H), 2.47 (s, 3H), 2.53-2.73 (m, 2H), 2.84-2.92 (m, 1H), 2.96-3.07 (m,
1H), 3.60 (d, 0.4H, J = 12.8 Hz), 3.65 (s, 1.2H), 3.78 (d, 0.6H, J = 13.6 Hz), 3.85 (s, 1.8H), 4.05 (d,
0.4H, J=12.8 Hz), 4.14-4.21 (m, 2H), 4.48 (d, 0.6H, J = 13.6 Hz), 6.80 (dd, 0.4H, J, = 7.6 Hz, J, =
1.6 Hz), 6.84 (dd, 0.6H, J, = 7.6 Hz, J, = 1.6 Hz), 6.87-6.94 (m, 1H), 6.96-7.04 (m, 2H), 7.07-7.12
(m, 2H), 7.17-7.31 (m, 2H), 7.34 (t, 2H, J= 8.0 Hz), 7.72 (d, 1H, J= 8.0 Hz), 7.93 (d, 1H, J = 8.0
Hz); 3C NMR (100 MHz, CDCl;, TMS): & 2.6, 2.7, 13.8, 14.1, 21.5, 21.6, 24.9, 25.8, 37.8, 37.9,
40.7,41.1,43.3 (t, Jor = 20.5 Hz), 43.4 (t, Jcr = 20.4 Hz), 55.2, 55.3, 62.7, 62.9, 69.1, 69.2, 110.6,
112.0, 115.5 (t, Jo.r = 253.8 Hz), 115.6 (t, Jo.r = 252.3 Hz), 120.4, 120.9, 126.6, 127.0, 127.5, 127.7,
127.77,127.80, 128.6, 128.77, 128.82, 129.1, 129.5, 129.6, 129.7, 130.5, 131.1, 131.2, 131.4, 135.5,
136.4, 137.2, 137.7, 137.9, 139.0, 140.9, 142.1, 142.8, 143.4, 143.6, 144.1, 155.2, 157.3, 164.0 (t,
Jer = 32.8 Hz), 164.2 (t, Jor = 32.8 Hz); '’F NMR (376 MHz, CDCl;, CFCls): 6 -100.2 (d, 0.6F, J
= 259.8 Hz), -100.3 (d, 0.4F, J = 258.3 Hz), -102.6 (d, 0.4F, J = 258.3 Hz), -103.0 (d, 0.6F, J =
259.8 Hz); MS (ESI) m/z: 727.2 (M+NH4", 100); HRMS (ESI) Calcd. for Cs3H3gF,IN,OsS™
requires: 727.1509, Found: 727.1507.
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Compound 2q: 79 mg, 74%, A white solid, m.p. 140-142 °C; IR (CH,Cl,): v 2974, 2925, 2870,
1764, 1483, 1343, 1303, 1155, 1139, 1089, 1077, 1049, 880, 814, 705, 660 cm'; '"H NMR (400
MHz, CDCl;, TMS): 8 1.26 (t, 3H, J = 7.2 Hz), 1.28 (s, 3H), 1.68-1.77 (m, 1H), 2.17-2.30 (m, 1H),
2.47 (s, 3H), 2.58-2.64 (m, 1H), 2.79-2.94 (m, 1H), 2.94-3.02 (m, 2H), 3.69 (d, 1H, J = 13.6 Hz),
4.16-4.25 (m, 2H), 4.49 (d, 1H, J = 13.6 Hz), 6.74 (d, 1H, J = 2.4 Hz), 6.95 (d, 1H, J = 8.4 Hz),
7.10 (dd, 1H, J, =8.4 Hz, J,=2.4 Hz), 7.15 (d, 2H, J= 6.8 Hz), 7.31-7.39 (m, 5H), 7.70 (d, 2H, J =
8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): 6 1.8, 13.8, 21.6, 25.5, 37.6, 41.1, 43.5 (t, Jo.p = 21.2
Hz), 63.0, 69.8, 115.5 (t, Jc.r = 252.3 Hz), 127.1, 127.5, 128.2, 128.8, 129.06, 129.09, 129.9, 130.1,
134.5, 135.0, 138.4, 139.0, 141.6, 143.76, 143.81, 144.9, 163.9 (t, Jcr = 32.8 Hz); 'F NMR (376
MHz, CDCl;, CFCl;): 6 -100.1 (ddd, 1F, J; =258.3 Hz, J, =27.1 Hz, J; = 12.0 Hz), -103.1 (ddd, 1F,
J1=258.3 Hz, J, =23.3 Hz, J; = 9.4 Hz); MS (ESI) m/z: 731.1 (M+NH,4*, 100); HRMS (ESI) Calcd.
for C;5,H35CIF,IN,O4S* requires: 731.1013, Found: 731.1010.
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Compound 2r: 83 mg, 78%, A white solid, m.p. 129-131 °C; IR (CH,Cl,): v 2979, 2967, 2928,

2851, 1764, 1734, 1598, 1573, 1494, 1343, 1302, 1157, 1091, 1037, 878, 862, 814, 708, 658 cm™;

'H NMR (400 MHz, CDCl;, TMS): & 1.24 (t, 3H, J = 7.2 Hz), 1.35 (s, 3H), 1.66-1.75 (m, 1H),

2.18-2.33 (m, 1H), 2.46 (s, 3H), 2.58-2.64 (m, 1H), 2.87-2.91 (m, 1H), 2.97-3.07 (m, 2H), 3.60 (s,

3H), 3.66 (d, 1H, J = 13.6 Hz), 4.16-4.21 (m, 2H), 4.50 (d, 1H, J = 13.6 Hz), 6.29 (d, 1H, J = 8.8

Hz), 6.64 (dd, 1H, J, = 8.4 Hz, J, = 2.4 Hz), 6.87 (d, 1H, J= 8.8 Hz), 7.19 (d, 2H, J = 7.2 Hz), 7.26-

S64



7.37 (m, 5H), 7.70 (d, 2H, J = 8.0 Hz); '3C NMR (100 MHz, CDCl;, TMS): 3 2.4, 13.7, 21.5, 25.3,
37.6,41.2,43.5 (t, Jor = 20.4 Hz), 55.2, 62.9, 69.9, 113.0, 115.6 (t, Jo.r = 252.3 Hz), 115.8, 127.0,
127.2, 128.5, 128.7, 128.9, 129.1, 129.7, 138.9, 140.0, 142.1, 142.4, 143.4, 144.6, 159.3, 164.1 (t,
Jer = 32.8 Hz); 'F NMR (376 MHz, CDCl;, CFCl3): 8 -100.3 (d, 1F, J=258.7 Hz), -102.4 (d, 1F,
J = 258.7 Hz); MS (ESI) m/z: 727.2 (M+NH,4", 100); HRMS (ESI) Calcd. for Cs;,H33F,IN,O5S*
requires: 727.1509, Found: 727.1508.
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Compound 2s: 69 mg, 65%, A white solid, m.p. 134-136 °C; IR (CH,Cl,): v 2973, 2929, 2882,
1765, 1485, 1455, 1379, 1343, 1303, 1272, 1088, 1046, 880, 815, 709, 658 cm!; 'H NMR (400
MHz, CDCl;, TMS): 6 1.26 (t, 3H, J= 7.2 Hz), 1.36 (s, 3H), 1.67-1.80 (m, 1H), 2.18-2.31 (m, 1H),
2.47 (s, 3H), 2.57-2.63 (m, 1H), 2.79-2.85 (m, 1H), 2.94-3.07 (m, 2H), 3.68 (d, 1H, J = 13.6 Hz),
4.17-4.23 (m, 2H), 4.48 (d, 1H, J = 13.6 Hz), 6.70 (d, 1H, J = 8.4 Hz), 7.05 (s, 1H), 7.11-7.15 (m,
3H), 7.30-7.36 (m, 5H), 7.72 (d, 2H, J = 8.0 Hz); *C NMR (100 MHz, CDCl;, TMS): § 1.9, 13.8,
21.6, 25.6, 37.6, 41.1, 43.4 (t, Jcr = 21.2 Hz), 63.0, 69.7, 115.5 (t, Jcr = 252.3 Hz), 127.1, 127.4,
127.9, 128.7, 128.8, 129.1, 129.9, 131.3, 133.2, 137.5, 138.3, 139.2, 141.6, 142.0, 142.8, 143.9,
163.9 (t, Jo.r = 32.8 Hz); '°F NMR (376 MHz, CDCl;, CFCl3): 6 -101.0 (ddd, 1F, J; = 259.8 Hz, J,
= 24.4 Hz, J; = 13.5 Hz), -102.1 (ddd, 1F, J, = 259.8 Hz, J, = 21.8 Hz, J5; = 10.9 Hz); MS (ESI)
m/z: 714.1 (M+H", 100); HRMS (ESI) Calcd. for C;;H3,CIF,INO4S™ requires: 714.0748, Found:
714.0771.
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Compound 2t: 86 mg, 74%, A white solid, m.p. 149-151 °C; IR (CH,CL,): v 2969, 2903, 2868,
1766, 1484, 1344, 1156, 1140, 1090, 1046, 880, 815, 766, 661 cm'!; 'H NMR (400 MHz, CDCl;,
TMS): 8 1.26 (t, 3H, J = 7.2 Hz), 1.35 (s, 12H), 1.61-1.76 (m, 1H), 2.15-2.30 (m, 1H), 2.47 (s, 3H),
2.56-2.62 (m, 1H), 2.79-2.85 (m, 1H), 2.92-3.05 (m, 2H), 3.68 (d, 1H, J = 13.6 Hz), 4.16-4.25 (m,
2H), 4.47 (d, 1H, J=13.6 Hz), 6.77 (d, 1H, J = 2.4 Hz), 6.98 (d, 1H, J = 8.4 Hz), 7.03 (d, 2H, J =
8.0 Hz), 7.10 (dd, 1H, J, = 8.4 Hz, J, = 2.4 Hz), 7.33 (d, 2H, J = 8.0 Hz), 7.36 (d, 2H, J = 8.4 Hz),
7.69 (d, 2H, J = 8.0 Hz); '3C NMR (100 MHz, CDCl;, TMS): § 2.2, 13.8, 21.6, 25.5, 31.3, 34.5,
37.5,41.0,43.4 (t, Jor=21.2 Hz), 63.0, 69.7, 115.5 (t, Jcr = 253.0 Hz), 125.6, 127.1, 128.1, 128.6,
129.1, 129.8, 130.1, 134.4, 134.9, 138.4, 138.5, 139.0, 143.5, 143.8, 144.9, 150.2, 163.9 (t, Jor =
32.8 Hz); 'F NMR (376 MHz, CDCl;, CFCly): 6 -100.0 (d, 1F, J = 258.3 Hz), -103.2 (d, 1F, J =
258.3 Hz); MS (ESI) m/z: 787.2 (M+NH,*, 100); HRMS (ESI) Calcd. for C;5H43CIF,IN,O4S*
requires: 787.1639, Found: 787.1639.
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Compound 2u: 74 mg, 67%, A white solid, m.p. 139-141 °C; IR (CH,Cl,): v 2974, 2929, 2856,

1764, 1734, 1605, 1508, 1494, 1465, 1341, 1302, 1287, 1245, 1156, 1141, 1091, 1035, 879, 711,
655 cnr'; 'H NMR (400 MHz, CDCls, TMS): & 1.24 (t, 3H, J = 7.2 Hz), 1.34 (s, 3H), 1.68-1.73 (m,
1H), 2.16-2.29 (m, 1H), 2.46 (s, 3H), 2.58-2.64 (m, 1H), 2.88-2.90 (m, 1H), 2.99-3.07 (m, 2H), 3.61
(s, 3H), 3.65 (d, 1H, J = 13.6 Hz), 3.83 (s, 3H), 4.19 (qd, 2H, J, = 7.2 Hz, J, = 1.6 Hz), 4.48 (d, 1H,
J=13.6 Hz), 6.28 (d, 1H, J = 2.8 Hz), 6.63 (dd, 1H, J, = 8.8 Hz, J, = 2.8 Hz), 6.87 (dd, 3H, J; = 8.8
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Hz, J, = 3.2 Hz), 7.09 (d, 2H, J = 8.4 Hz), 7.31 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 8.4 Hz); '3C
NMR (100 MHz, CDCl;, TMS): 6 2.6, 13.7, 21.6, 25.3, 37.6, 41.2, 43.5 (t, Jcr = 21.2 Hz), 55.19,
55.25, 62.9,67.0, 113.1, 113.9, 115.7 (t, Jcr = 252.3 Hz), 115.8, 127.1, 128.7, 129.0, 129.7, 130.3,
134.6, 139.0, 139.8, 142.4, 143.4, 145.1, 158.6, 159.4, 164.1 (t, Jo.r = 32.8 Hz); 'F NMR (376
MHz, CDCl;, CFCls): 6 -100.3 (ddd, 1F, J; = 258.3 Hz, J, = 24.4 Hz, J; = 13.5 Hz), -102.4 (ddd, 1F,
J1=258.3 Hz, J, = 21.8 Hz, J; = 10.9 Hz); MS (ESI) m/z: 740.1 (M+H*, 100); HRMS (ESI) Calcd.
for C33H37F,INOgS™ requires: 740.1349, Found: 740.1345.
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Compound 2v: 98 mg, 88%, A white solid, m.p. 168-170 °C; IR (CH,Cl,): v 3060, 2963, 2923,
2853, 1764, 1649, 1494, 1340, 1304, 1162, 1092, 1079, 1061, 766, 703, 661 cm™!; 'H NMR (400
MHz, CDCl;, TMS): 6 1.08 (t, 3H, J = 7.2 Hz), 2.50 (s, 3H), 2.60-2.70 (m, 1H), 2.87-2.93 (m, 1H),
2.99-3.12 (m, 2H), 3.24-3.35 (m, 2H), 3.43-3.51 (m, 1H), 3.64-3.72 (m, 1H), 4.81 (d, 1H, J=13.6
Hz), 4.97 (dd, 1H, J, = 13.6 Hz, J, = 3.6 Hz), 6.01 (d, 1H, J = 7.6 Hz), 6.62 (t, 1H, J = 7.6 Hz),
6.80-6.86 (m, 5H), 6.92 (brs, 2H), 7.15 (d, 2H, J = 6.8 Hz), 7.29 (d, 1H, J = 6.8 Hz), 7.33 (d, 2H, J
= 7.6 Hz), 7.38 (d, 2H, J = 8.0 Hz), 7.80 (d, 2H, J = 8.0 Hz); '*C NMR (100 MHz, CDCl;, TMS): 5
2.0, 13.5, 21.6, 37.0, 45.9 (t, Jcr = 22.6 Hz), 47.9 (t, Jcr = 6.5 Hz), 61.8 (t, Jcr = 5.8 Hz), 62.8,
115.6 (t, Jcr = 255.2 Hz), 125.7, 126.7, 127.1, 127.3, 127.4, 127.5, 127.9, 128.6, 128.9, 129.7,
129.9, 136.7, 138.9, 141.8, 142.6, 142.7, 143.1, 143.6, 146.0 162.5 (t, Jcr = 32.8 Hz); '°F NMR
(376 MHz, CDCl3, CFCl;): 6 -90.9 (d, 1F, J=268.5 Hz), -102.3 (ddd, 1F, J, = 268.5 Hz, J, = 29.3
Hz, J; = 6.8 Hz); MS (ESI) m/z: 759.2 (M+H*, 100); HRMS (ESI) Calcd. for C3¢H3gF,IN,O4S*
requires: 759.1560, Found: 759.1557.
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Compound 2x: 74 mg, 80%, A white solid, m.p. 99-101 °C; IR (CH,Cl,): v 3057, 2985, 2956,
2862, 1768, 1489, 1341, 1166, 1091, 1034, 865, 705 cm™'; 'H NMR (400 MHz, CDCl;, TMS): 6
1.22 (s, 3H), 1.24 (t, 3H, J = 7.2 Hz), 1.46-1.59 (m, 1H), 1.78 (s, 3H), 1.85-1.99 (m, 1H), 2.45 (s,
3H), 2.52-2.56 (m, 2H), 2.71-2.78 (m, 2H), 3.68 (d, 1H, J = 13.6 Hz), 4.12-4.19 (m, 3H), 7.16 (dd,
IH, J; = 7.2 Hz, J, = 1.2 Hz), 7.24-7.30 (m, 4H), 7.35-7.39 (m, 1H), 7.50 (d, 2H, J = 8.4 Hz); '3C
NMR (100 MHz, CDCl;, TMS): 6 1.3, 13.8, 21.2, 21.6, 25.4, 36.6, 40.0, 42.7 (t, Jcr = 21.2 Hz),
62.8, 69.1, 115.6 (t, Jor = 252.3 Hz), 127.3, 127.6, 128.1, 129.0, 129.4, 130.5, 134.1, 135.2, 138.2,
138.5, 143.4, 144.0, 163.9 (t, Jo.r = 32.8 Hz); '°F NMR (376 MHz, CDCl;, CFCl;): 6 -99.8 (ddd, 1F,
J1 =256.8 Hz, J, = 24.4 Hz, J; = 11.3 Hz), -103.0 (ddd, 1F, J, =256.8 Hz, J, =22.2 Hz, J; = 13.5
Hz); MS (ESI) m/z: 635.1 (M+NH,4", 100); HRMS (ESI) Calcd. for CysH34F,IN,O4S* requires:
635.1247, Found: 635.1248.
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General procedure for the synthesis of products 3

Pd(PPhg3)4 (10 mol%)
DPE-Phos (20 mol%)
Cs,CO3 (1.5 equiv)
1,4-dioxane, 50 °C

1 (0.15 mmol, 1.0 equiv), Pd(PPh3), (0.015 mmol, 0.10 equiv), DPE-Phos (0.030 mmol, 0.20 equiv)
and Cs,COj; (0.225 mmol, 1.5 equiv) were dissolved in super-dry 1,4-dioxane (1.5 mL), then
perfluoroalkyl reagent R (0.30 mmol, 2.0 equiv) was added dropwise and the reaction tube was
placed in a pre-heated 50 °C oil bath. The reaction was stopped after 5 h and the reaction mixture
was filtered through a celite. The filtrate was concentrated under reduced pressure and the residue
was purified by silica gel flash chromatography (eluent: petroleum ether / ethyl acetate = 15/ 1) to

afford the products 3 in good yields.
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Spectroscopic data for products 3

Compound 3aa: 84 mg, 72%, A white solid, m.p. 133-135 °C; IR (CH,Cl,): v 3059, 2974, 2923,
2893, 1597, 1487, 1344, 1234, 1219, 1155, 1134, 1092, 1047, 1023, 881, 730, 705, 660 cm''; 'H
NMR (400 MHz, CDCl;, TMS): 6 1.40 (s, 3H), 1.50-1.64 (m, 1H), 2.20-2.34 (m, 1H), 2.46 (s, 3H),
2.61-2.66 (m, 1H), 2.85-2.91 (m, 1H), 3.01-3.13 (m, 2H), 3.69 (d, 1H, J=13.6 Hz), 4.59 (d, 1H, J =
13.6 Hz), 6.77 (dd, 1H, J, = 8.4 Hz, J, = 1.6 Hz), 6.97 (dd, 1H, J, = 8.4 Hz, J, = 1.6 Hz), 7.12-7.17
(m, 4H), 7.29-7.38 (m, 5H), 7.72 (d, 2H, J = 8.4 Hz); '3C NMR (100 MHz, CDCl;, TMS): 6 2.0,
21.6, 25.6 (t, Jcr = 4.4 Hz), 37.4, 39.6 (t, Jcr = 19.0 Hz), 41.1, 70.2, 100-120 (m), 127.1, 127.3,
127.7, 128.3, 128.6, 128.8, 129.1, 129.8, 130.4, 136.2, 138.8, 140.4 (t, Jcr = 1.4 Hz), 141.7, 142.1,
143.0, 143.6; '°F NMR (376 MHz, CDCl;, CFCl;): 8 -81.1 (t, 3F, J = 9.8 Hz), -106.1 - -106.9 (m,
1F), -111.7 - -112.4 (m, 1F), -125.0 - -125.1 (m, 2F), -125.7 - -125.9 (m, 2F); MS (ESI) m/z: 793.1
(M+NH,4*, 100); HRMS (ESI) Calcd. for C3;H3F9IN,O,S* requires: 793.1002, Found: 793.1002.
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Compound 3ab: 102 mg, 78%, A white solid, m.p. 143-145 °C; IR (CH,Cl,): v 2973, 2928, 2886,
1489, 1380, 1240, 1158, 1134, 1088, 1046, 880, 812, 738, 706 cm™!; 'H NMR (400 MHz, CDCls,
TMS): 6 1.41 (s, 3H), 1.50-1.64 (m, 1H), 2.27 (qd, 1H, J; = 15.6 Hz, J, = 5.6 Hz), 2.47 (s, 3H),
2.60-2.66 (m, 1H), 2.86-2.90 (m, 1H), 3.01-3.13 (m, 2H), 3.70 (d, 1H, J=13.6 Hz), 4.59 (d, 1H, J =
13.6 Hz), 6.75-6.78 (m, 1H), 6.97-6.99 (m, 1H), 7.13-7.16 (m, 4H), 7.29-7.39 (m, 5H), 7.72 (d, 2H,
J = 8.4 Hz); 3C NMR (100 MHz, CDCl;, TMS): 4 2.0, 21.6, 25.6 (t, Jcr = 4.4 Hz), 37.4, 39.7 (t,

Jer = 19.0 Hz), 41.1, 70.2, 100-120 (m), 127.1, 127.3, 127.7, 128.3, 128.7, 128.8, 129.1, 129.8,
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130.4, 136.2, 138.8, 140.4 (t, Jcr = 1.5 Hz), 141.7, 142.1, 143.0, 143.6; '°’F NMR (376 MHz,
CDCl;, CFCly): 6 -80.8 (t, 3F, J=9.4 Hz), -106.0 - -106.7 (m, 1F), -111.4 - -112.1 (m, 1F), -121.7
(brs, 2F), -122.9 (brs, 2F), -124.16 - -124.24 (m, 2F), -126.16 - -126.23 (m, 2F); MS (ESI) m/z:
893.1 (M+NH,4*, 100); HRMS (ESI) Calcd. for Cs;3H3 F3IN,O,S* requires: 893.0938, Found:
893.0937.
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Compound 3eb: 117 mg, 84%, A white solid, m.p. 155-157 °C; IR (CH,Cl,): v 2970, 2898, 2873,
1487, 1344, 1239, 1145, 1091, 1047, 880, 812, 769, 732, 657 cm™'; 'H NMR (400 MHz, CDCls,
TMS): & 1.34 (s, 9H), 1.40 (s, 3H), 1.50-1.63 (m, 1H), 2.26 (qd, 1H, J, = 15.2 Hz, J, = 4.0 Hz), 2.46
(s, 3H), 2.59-2.65 (m, 1H), 2.85-2.92 (m, 1H), 2.99-3.15 (m, 2H), 3.69 (d, 1H, J = 13.6 Hz), 4.57 (d,
1H, J=13.6 Hz), 6.78 (dd, 1H, J, = 7.6 Hz, J, = 2.0 Hz), 7.00 (dd, 1H, J; = 7.6 Hz, J, = 2.0 Hz),
7.05 (d, 2H, J = 8.4 Hz), 7.10-7.17 (m, 2H), 7.32-7.37 (m, 4H), 7.71 (d, 2H, J = 8.4 Hz); 3C NMR
(100 MHz, CDCl;, TMS): 6 2.4, 21.5, 25.6 (t, Jcr = 4.4 Hz), 31.3, 34.5, 37.4, 39.7 (t, Jcr = 19.0
Hz), 41.1, 70.2, 100-120 (m), 125.4, 127.1, 127.8, 128.2, 128.65, 128.70, 129.8, 130.5, 136.2, 138.8,
139.1, 140.4 (t, Jor = 1.5 Hz), 140.5, 141.5, 143.2, 143.6. 150.0; '°F NMR (376 MHz, CDCls,
CFCl;): 6 -80.9 (t, 3F, J=9.4 Hz), -105.9 - -106.6 (m, 1F), -111.5 - -112.3 (m, 1F), -121.7 (brs, 2F),
-123.0 (brs, 2F), -124.2 - -124.3 (m, 2F), -126.2 (brs, 2F); MS (ESI) m/z: 949.2 (M+NH,*, 100);
HRMS (ESI) Calcd. for C37;H39F3IN,O,S* requires: 949.1564, Found: 949.1565.
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Compound 3nb: 97 mg, 71%, A white solid, m.p. 134-136 °C; IR (CH,Cl,): v 2974, 2923, 2893,
1597, 1483, 1344, 1238, 1145, 1091, 1046, 880, 813, 706, 657 cm'!; 'TH NMR (400 MHz, CDCls,
TMS): 8 1.41 (s, 3H), 1.56-1.69 (m, 1H), 2.29 (qd, 1H, J; = 15.2 Hz, J, = 4.0 Hz), 2.47 (s, 3H),
2.60-2.65 (m, 1H), 2.81-2.87 (m, 1H), 2.98-3.10 (m, 2H), 3.68 (d, 1H, J=13.6 Hz), 4.57 (d, 1H, J =
13.6 Hz), 6.74 (s, 1H), 6.93 (d, 1H, J= 7.6 Hz), 7.34 (d, 3H, J= 8.0 Hz), 7.37-7.41 (m, 5H), 7.70 (d,
2H, J= 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): & 1.4, 21.6, 25.6 (t, Jcr = 3.6 Hz), 37.5, 39.9
(t, Jcr = 19.0 Hz), 41.1, 69.9, 100-120 (m), 127.1, 127.7, 128.4, 128.9, 129.0, 129.9, 130.3, 134.8,
134.9, 138.4, 139.5 (t, Jcr = 2.2 Hz), 141.4, 143.1, 143.9, 144.7; '9F NMR (376 MHz, CDCl;,
CFCly): 6 -80.8 (brs, 3F), -106.1 - -106.8 (m, 1F), -111.2 - -111.9 (m, 1F), -121.7 (brs, 2F), -122.9
(brs, 2F), -124.38 - -124.41 (m, 2F), -126.2 (brs, 2F); MS (ESI) m/z: 927.1 (M+NH,*, 100); HRMS
(ESI) Calcd. for C33H;¢CIF3IN,O,S* requires: 927.0548, Found: 927.0546.
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Compound 3rb: 114 mg, 81%, A white solid, m.p. 144-146 °C; IR (CH,Cl,): v 2973, 2925, 2886,

1505, 1451, 1380, 1327, 1241, 1089, 1046, 880, 816, 715, 660 cm™'; 'H NMR (400 MHz, CDCl;,
TMS):  1.39 (s, 3H), 1.50-1.63 (m, 1H), 2.23-2.41 (m, 1H), 2.46 (s, 3H), 2.60-2.66 (m, 1H), 2.86-
2.92 (m, 1H), 3.02-3.15 (m, 2H), 3.58 (s, 3H), 3.65 (d, 1H, J = 13.6 Hz), 3.83 (s, 3H), 4.56 (d, 1H, J
= 13.6 Hz), 6.26 (d, 1H, J = 2.8 Hz), 6.65 (dd, 1H, J; = 8.8 Hz, J, = 2.8 Hz), 6.84 (d, 1H, J = 8.8
Hz), 6.89 (d, 2H, J = 8.4 Hz), 7.07 (d, 2H, J = 8.4 Hz), 7.32 (d, 2H, J = 8.0 Hz), 7.69 (d, 2H, J = 8.0
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Hz); 3C NMR (100 MHz, CDCl;, TMS): 8 2.3, 21.5, 25.5 (t, Jcr = 3.7 Hz), 37.5, 39.8 (t, Jor =
19.0 Hz), 41.2, 55.17, 55.19, 70.1, 100-120 (m), 113.7, 114.0, 115.5, 127.0, 128.69, 128.72, 129.7,
130.2, 134.4, 138.9, 140.1 (t, Jor = 1.5 Hz), 141.8, 143.5, 144.9, 158.6, 159.5; °F NMR (376 MHz,
CDCl;, CFCly): 6 -80.8 (t, 3F, J=9.4 Hz), -105.7 - -106.5 (m, 1F), -111.4 - -112.2 (m, 1F), -121.7
(brs, 2F), -122.9 (brs, 2F), -124.2 - -124.3 (m, 2F), -126.21 - -126.24 (m, 2F); MS (ESI) m/z: 936.1
(M+NH,4*, 100); HRMS (ESI) Calcd. for C35H3,F13INO4S* requires: 936.0884, Found: 936.0882.
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Compound 3ub: 98 mg, 80%, A white solid, m.p. 102-104 °C; IR (CH,Cl,): v 2974, 2925, 2889,
1491, 1348, 1239, 1194, 1158, 1143, 1091, 1046, 880, 813, 765, 707 cm™'; 'H NMR (400 MHz,
CDCl;, TMS): 6 1.27 (s, 3H), 1.39-1.53 (m, 1H), 1.79 (s, 3H), 1.96 (qd, 1H, J, = 7.6 Hz, J, = 1.6
Hz), 2.45 (s, 3H), 2.50-2.61 (m, 2H), 2.70-2.83 (m, 2H), 3.70 (d, 1H, J = 13.6 Hz), 4.22 (d, 1H, J =
13.6 Hz), 7.14 (d, 1H, J = 7.6 Hz), 7.26-7.32 (m, 4H), 7.34-7.38 (m, 1H), 7.51 (d, 2H, J = 8.4 Hz);
3C NMR (100 MHz, CDCl;, TMS): 8 0.98, 21.1, 21.5, 25.7 (t, Jo.r = 3.6 Hz), 36.5, 38.4 (t, Jor =
19.0 Hz), 40.1, 68.8, 100-120 (m), 127.3, 127.6, 128.3, 129.1, 129.5, 130.5, 134.3 (t, Jcr = 1.5 Hz),
135.0, 138.1, 143.5, 143.8; '’F NMR (376 MHz, CDCl;, CFCl3):  -80.86 - -80.91 (m, 3F), -107.2 -
-108.0 (m, 1F), -112.6 - -113.3 (m, 1F), -121.81 - -121.84 (m, 2F), -123.0 (brs, 2F), -124.3 (brs, 2F),
-126.25 - -126.29 (m, 2F); MS (ESI) m/z: 814.1 (M+H*, 100); HRMS (ESI) Calcd. for
CosHyF13INO,S™ requires: 814.0516, Found: 814.0515.
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Control experiments

ICF,COOEt (2.0 equiv) CF,COOEt

TsN Pd(PPhs),Cl, (10 mol%)
DPE-Phos (20 mol%)
7 B Cs,COs (1.5 equiv) | />N \

1,4-dioxane, 50 °C CFZCOOEt

1a 0.10 mmol
TEMPO, 1.0 e
quiv 2a, 0% 4,43%

ICF,COOEt (2.0 equiv) CF,COOEt

TsN Pd(PPhj3),Cl, (10 mol%)
+ gy By DPE-Phos (20 mol%) | \ NTs
Cs,CO3 (1.5 equiv)
1,4-dioxane, 50 °C O O

1a, 0.10 mmol BHT, 1.0 equiv

2a, 38%

Scheme S1 Radical inhibition experiments

TEMPO experiment: 1a (0.15 mmol, 1.0 equiv), TEMPO (0.15 mmol, 1.0 equiv), Pd(PPh;),Cl,
(0.015 mmol, 0.10 equiv), DPE-Phos (0.030 mmol, 0.20 equiv) and Cs,COj3 (0.225 mmol, 1.5 equiv)
were dissolved in super-dry 1,4-dioxane (1.5 mL), then ICF,CO,Et (0.30 mmol, 2.0 equiv) was
added dropwise and the reaction tube was placed in a pre-heated 50 °C oil bath. The reaction was
stopped after 12 h and the reaction mixture was filtered through a celite. 1-fluoronaphthalene (77 uL)
was used as an internal standard and the expected product 2a was not detected and the TEMPO-
trapped complex 4 was formed instead, which indicated a radical mechanism of this cascade
reaction.

BHT experiment: 1a (0.15 mmol, 1.0 equiv), BHT (0.15 mmol, 1.0 equiv), Pd(PPh;),Cl, (0.015
mmol, 0.10 equiv), DPE-Phos (0.030 mmol, 0.20 equiv) and Cs,CO; (0.225 mmol, 1.5 equiv) were
dissolved in super-dry 1,4-dioxane (1.5 mL), then ICF,CO,Et (0.30 mmol, 2.0 equiv) was added
dropwise and the reaction tube was placed in a pre-heated 50 °C oil bath. The reaction was stopped
after 12 h and the reaction mixture was filtered through a celite. The expected product 2a was
isolated only in 38% yield. The reaction was suppressed to a great extent which also indicated a

probable radical mechanism.
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(0]
1a, 0.10 mmol ) . 5, 72%

Togni reagent Il, 2.0 equiv

Scheme S2 Trifluoromethylation of 1a

1a (0.15 mmol, 1.0 equiv), Togni reagent II (0.30 mmol, 2.0 equiv), CuTc (0.03 mmol, 0.20 equiv)
were added to a Schlenk tube with a magnetic bar. MeCN (1.5 mL) was added and the reaction tube
was heated to 60 °C for 12 h. The crude reaction mixture was diluted with EtOAc (5.0 mL) and the
organic layer was washed with aqueous NaHCOj3 and brine. The mixture was extracted with EtOAc
for 3 times. The organic layer was washed with brine and dried over anhydrous Na,SO,. After
filtration, the filtrate was concentrated under reduced pressure and the residue was purified by flash
column chromatography on silica gel (eluent: petroleum ether / ethyl acetate = 20 / 1) to afford the

product 5 in 72% yield.
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Spectroscopic data for products 5

Fa

Compound 5: 54 mg, 72%, A white solid, m.p. 188-190 °C; IR (CH,Cl,): v 2979, 2942, 1487,
1347, 1259, 1163, 1103, 1091, 1042, 812, 782, 672 cm™'; 'H NMR (400 MHz, CDCl;, TMS): 8 1.25
(s, 3H), 1.59-1.67 (m, 1H), 1.76-1.86 (m, 1H), 2.43-2.53 (m, 1H), 2.58 (s, 3H), 2.43-2.58 (m, 2H),
2.70 (td, 1H, J; = 16.0 Hz, J, = 5.6 Hz), 3.71 (d, 1H, J=14.0 Hz), 4.31 (d, 1H, J= 14.0 Hz), 6.48 (d,
1H, J=17.6 Hz), 6.74 (d, 2H, J= 7.6 Hz), 6.95 (t, 1H, J = 7.2 Hz), 7.02-7.12 (m, 3H), 7.33-7.41 (m,
4H), 7.59 (d, 1H, J = 8.0 Hz); 3C NMR (100 MHz, CDCl;, TMS): & 21.2, 25.4, 25.9, 28.1, 39.8,
42.4 (q, Jcr = 25.6 Hz), 67.3, 125.6, 125.9 (q, Jcr = 277.8 Hz), 126.2, 126.3, 126.7, 127.0, 128.6,
128.7, 129.1, 130.7, 131.4, 134.1, 135.6, 136.0, 137.1, 137.4, 137.7, 139.8, 142.7; '°F NMR (376
MHz, CDCl;, CFCly): 6 -59.0 (s); MS (ESI) m/z: 515.2 (M+NH,*, 100); HRMS (ESI) Calcd. for
CysH30F3N,0,S" requires: 515.1975, Found: 515.1975.
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The crystal data of 2a

The crystal data of 2a have been deposited in CCDC with number 1440523. Empirical Formula:
C31H3,F,INO,S; Formula Weight: 679.53; Crystal Color, Habit: colorless, Crystal Dimensions:
0.220 x 0.170 x 0.130 mm3; Crystal System: Monoclinic; Lattice Parameters: a = 14.4081(9)A, b =
22.6704(15)A, ¢ = 19.5045(14)A, o = 90°, B = 109.072(2)°, y = 90°, V = 6021.2(7)A3; Space group:
P 21/¢c; Z = 8; Dey= 1.499 g/cm?; Foo = 2752; Final R indices [[>2sigma(I)] R1 = 0.0524, wR2 =
0.1316.
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